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) Drug defivery compositions and methods.

Drug delivery compositions yield new and unexpected
egrees of stabilization, solubilization and delivery of incorpor-
ated medicaments, drugs, or other physiologically-active com-
pounds. The compositions enable administration of drugs and
other medically useful compounds via a variety of routes. More
particularly, a drug delivery system or composition inciuding
one or more monomeric or polymerized surface active agents
allows for rapid dissolution and smooth liberation of any desired
incorporated drug or combinations, and the method of
preparing’ the drug composition. In one embodiment, the
physiologically-active compound is encapsulated by a coacer-
vate-derived film, and the finished product is sultable for
transmucosal administration. Other formulations of this inven-
tion may be administered via inhalation, oral, parenteral and by
transdermal routes.
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Description

DRUG DELIVERY COMPOSITIONS AND METHODS

The present invention relates to a stable drug delivery composition In oral dosage form or capable of new
and unexpected stabilization, solubilization and delivery of stable drug components in parenteral form at the
pH of body tissue. More particularly, the present invention s directed to a drug delivery system or composition
that allows for rapid dissolution and smooth liberation of any desired drug either orally or parenterally without
precipitation, and the method of preparing the drug compaosition. In accordance with ona embodiment of the
present invention, liposomes and their contents can be enveloped in a coacervate-based film to prevent
disintegration of liposome vehicles.

Drugs now in common use- often require formulation compromises in order to prepare the marketed
product. Thus, many parenteral compositions must be prepared using the salt of the parent compound and an
excessive pH.

The instabifity of many useful drugs and other useful medical compositions poses other formulation
problems. At present, emulsions, microemulsions and liposomes constitute the principal approaches to these
problems. While such dosage forms are an advance over older forms, they are often associated with erratic
bioavalilability and instability of their own.

The herein disclosed invention comprises a method to prepare compositions and compositions which
deliver medically useful compositions effectively. The method is based upon the use of a non-toxic aqueous
coacervate; said method produces stable microemulsions comprised of particles in which one or more
pharmaceutical components have been incarporated. Through the process of this invention particles are
enveloped by a coacervate-based film. The compositions of this invention may be administered orally,
parenterally or by tissue absorption, as required.

The disclosed method enables the preparation of particles of any desired size and any degree of particle
surface film hardness, any number of coacervate-derived films of any desired thickness, or any combination of
particle sizes and surface hardnesses. In preferred compositions prepared by the disclosed invention, the
particle size Is about 1 micron or less. The pharmaceutical component(s) may be any water soluble or water
insoluble medically useful composition or combinations of such compositions.

The inventor has previously disclosed compositions based on a coacervate system using albumin and
lecithin as principal components of the system. However, by polymerizing one or both of these components,
the inventor has not only simplified the method but unexpectedly produced a preparation with vastly improved
encapsulating capabillity. Details of this improvement are presented in the Experiments Section.

While there are apparent similarities to the inventor's prior art, this application differs significantly in several
important aspects. Thus, encapsulation is a fundamental aspect of the inventor's prior art and the present
invention. However, by polymerizing one or more of the surfactants used In the present invention, and/or by
modifying the previously disclosed processes, the proportion of the pharmaceutical component incorporated
in the present formulation is approximately two to six times greater than that of formulations disclosed earlier.

The intravenous delivery of many pharmaceutical preparations has been limited to the use of aqueous
singular systems, as discussed, based upon the salt of a parent compound and/or the dissolution of the
compound by agents such as a propylene glycol or alcohol. Other known systems which function primarily as
blood substitutes, however, are able to solubilize and deliver drugs infused therein to a restricted degree. U.S.
Patent No. 4,343,797 discloses a method of preparing a synthetic blood substitute based upon a two-phase
heterogeneous physico-chemical system which provides for oxygen transport and other physiological
functions inherent to whole natural blood. in U.S. Patent No. 4,439,424 a preferred synthetic blood composition
comprises albumin, water, sodium chioride, urea and lecithin in the form of a two-phase coacervate system
which is rendered isotonic with human blood by the addition of controlied amounts of the sodium chloride.
U.S. Patent Nos. 4,558,032, 4,539,204 and 4,598,778 relate to gelatin based syn thetic blood substitutes based
upon a two-phase coacervate system utilizing respectively, gelatin and acacia; two gelatins; modified fiuid
gelatins of different isoelectric points; and gelatin or modified gelatin and lecithin. U.S. Patent No. 4,547,490
discloses a further coacervate synthetic blood derived from an aqueous solution containing albumin, sodium
chloride and lecithin in a nonpolar or semipolar solvent.

These known products have been found to be capable of carrying drugs, but have been designed to serve
as a resuscitative fluid much in the manner of whole natural blood. One of the principal formulation problems
successfully addressed by the aforementioned patents is maintenance of the structure and integrity of the
microparticles (synthocytes) which comprise the composition.

The hemoglobin component of this composition (i.e., stroma-free hemoglobin, pyridoxilated-polymerized
hemoglobin, liposome encapsulated hemoglobin and'the like) remains functional and encapsulated within the
microparticles (synthocytes) until the particles are metabolized and eliminated from the body. Encapsulation
of the hemoglobin component not only preserves functionality but reduces or eliminates endotoxic reactions
associated with non-encapsulated hemoglobin. The term "synthocyte” as used in this specification refers to
the microparticles of this invention, the particles being about 1 micron or less in any single dimension when
administered parenterally, and comprised of a coacervate-based matrix which contains the active
component(s); and a coacervate-based film which envelopes the contents of the microparticle and constitutes
the outer surface of the particle. The enveloping film may be comprised of one or more layers as required to
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prepare the desired compositian. In this specification the terms "particls®, “synthocyte" and *rhicroparticie
will be used interghangeably.

Another example of a coacervate-baseéd system Is disclosed in Intamational application PCT/USEE/00850,
published Noverber 21, 1885, relating to an oral dosage composition and method of preparation to eriabis the
oral administration of insulin. The problems addressed by the disclosed coacatvate systern, however, ichuda
the need for protection of the Insulin against degradation by anzymes, and factors such as the &cid-bass
balance and other gastrointestinel conditions and processes. The coacervate-bassd fém envelopes edsh
individual insulln moletule to inhibit the Interaction between the insulin compongnt and the degridinig
conditions. R R o ’

The prior art desciibing the Hposore technology Includes the following: The Ash énd Hider U.B. Paterit
No. 4,448,765 filed July 3, 1879 entitied LIPOSOMES AND THEIR USE IN TREATING HUMAN OR OTHER
MAMMAUAN PATIENTS, describbs rnicrovesicles which are reportedly stabiiized by thé htorporation of &
polymer having at least six atoms attached to the backbone thereof: sald vesicles thcorporating a
physioplogically-active substance. Kefty U.8. Patent No. 4,356,167 entitled LIPOSOME DRUG DELIVERY
SYSTEMS, filed June 22, 1981, describes a liposore medicament delivery system whefelri the medicamerit is
in an aliphatic iquid-sterol-water lamellae. The fipid may be a sodium or potassium sdlt of a Ty to Cqg fatty acld
and the sterol may be cholesterol. Kao, Y. and Ltw, T., Pharmacological Disposition of Negatively Charged
Phospholipid Vesicles ih Rats, J. of Pharm. Bci. 59:11, 1880, pp. 1338-1343 contams a raport of experimaents
which investigated the pharmacological disposition of four negatively charged phospholipid vesicles,
Gregortadls, Q:,tite Gerrier Potential of Liposatfiés in Blology and Medicine; N.E. J. of Mud. Vol. 285, No. 13,
1976, describes the use of liposames to cary & lirge variaty of biologicatly intsresting sommiposittens
hormonss, drugs, sterolds, vitarning, viruses and other tompositfons sush as histemine. Douest, D., et af!
Oxygen Binding of Artificial Erythrocytes, In Proceetings of Int. Sec. of Artf, Otgaris, 5, (Supp) 1881,
pp. 392-395, describes the use of liposames to lhaotporate a concaritrated Remoghttin solutfon. Qaber, B., et
al; Encapsulation of Hemogiobin in Phosphulipid Vesicles, FEBS Lattsrs, Vol 153 2, 1983, pp. 285267,
describes a method to encapsulate hethoglobin in phospholipld vesictes. Grunet, 8., Nove! Multfeyered Lighd
Vesicles: Comparison of Physical Characteristics of Multilamellar Liposoines and Stable Flurfiarmeiier Yasicles,
Biochermnistry, 24, 1985, 2833-2842, discusses the effacts of osmotic compréssion on the progiuction of varous
liposome compositions; Szebeni, J. ét al; Encapsulation of Hemotilobin In Phosphalipid Liposoms;
Charactérization and Stability; Bibchemistry; 24, 1885, 2827-2832, reports the encapsilatioh of hernogtobi in
liposomes of different lipid composition. Blood Policy arid Technology; Office of Technology Assessritent, U.S.
Congress, U.S. Governiment Printing Office, 1885, pp. 148-161, reports the methods of formulation and the
difficulties encountered in using liposome bésed biood substitutes. '

It is important to emphasize that liposonies differ from the coacervate preparations previously discussed
and herein disclosed in mode of manufacture, end in physical and structural propertiss.

Coacervates are used in the preparation of the tompositions of this invention. Tha Invintor's pending U.S.
patent applications based on codcervate compositions include the following: Serial No. 591,774 filed March 21,
1984.

The Ecanow et al application Serial No. 811,675, flied December 20, 1985, describes & syhthatic whole blood
wherein the coacervate systém is produced from fecithin dispersed in an aqueous solution contalring albuthin
and sodium chioride; said system enabling a more effective use of the incorporated pyridoxilated-polymorizad
hemoglobin. .

The Ecanow application Serlal No. 835,550, filed March 3, 1988, describes an oral dosags fortn of Insulin
based on the use of a coacervate system comprised of lecithin, albumin, and thsulln.

The Ecanow application Berial No. 711,068, filed March 12, 1985, destribes &n oral dosafie form of attial
peptides based on a coacervate comprised of lacithin, albumin, and atrial paptidas.

The Ecanow application Serial No. 896,844, ftisd August 14, 1388, desctibes a drugj delivery system based
upon an albumin-lecithin coatervate Systsh ubing a solvent.

The Ecanow application Serial No. 001,814, filed Janhusry 8, 1987, destribies an oral drug delivery systam
based on a dextran-polyethylene glycol coacervats. »

The Ecanow application Serial No, 066,620, filed January 14, 1987, destribes a4 compositiori ussful for
immuRoassay procedures based upoh en albumin-lecithin coacervate systarh.

Thete are fundamenital differences between this Invention and the invaritor's priot aft. In Some hatantes,
8.g., the blood substitute formulations, are based on precisely opposite theorstical and fuhotithal
characteristics. Thus, the blood substitute formulations are based squarely on a gds exchange system. In this
instance, oxygen is absorbed by the hemoglabin compénent of the synthocyte and released from the
hemoglobin to the tissues according to oxygen tenslons. This phenomena Is represented In.wholé blcod ahd
some blood substitutes by a sigmoid curve. In contrast, in this Ifivention, the drug I8 releassd from
encapsulation; the release can be represented by a straight line function &r by ah exponentidl rate of talease.

Further, the inventor's blood substitutes are specifically formulated to malhtaln the hemogiobln compohent
in an encapsulated state up to the time the synthocyte and fts contents are mettibolized. In the piresent
invention, the formulations are designed to release the drug from the syfithooyte promptiy after ddrilnistration.
The present invention provides for & variety of routes of adrhinistration; the inventor's blood Bubstitutes ere
restricted to intravenous Ihjection. :



10

15

25

35

50

60

0 274 431

SUMMARY OF THE INVENTION

The method of this Invention enables the preparation of carrier vehicles useful for the delivery of medically
useful compositions for man and animals. The finished products of this invention range from a red blood cell
substitute (resuscitation fluid) to aqueous based formulations of water insoluble, water soluble and water
sensitive drugs.

The fact that in the method of this invention, aqueous formulations successfully incorporate and deliver
water insoluble and water sensitive drugs is evidence that this invention constitutes a significant advance in
the state of the art.

The aqueous based compositions of this invention comprise one or more of a large variety of surface active’

agents, that is, molecules which are non toxic and endogenous or exogenous to the body and can include one
or more monomeric, polymerized or polymerizable surface active agents, particularly a polymerized form of a
protein such as albumin and/or a polymerized form of a phospholipid such as lecithin and may include one or
more surface active agents either in polymeric or monomeric form, including lecithin, albumin, gelatin,
modified liquid gelatin, acacia gel and combinations thereof. Finished products of this invention may be
administered by oral, parenteral, transdermal, transmucosal or inhalation routes, or by combinations of these
routes.

- Formulations prepared according to the method of this invention are stable, pharmacologically-active and
will not precipitate in body tissue or fiuid. Parenteral drugs now prepared to an excessive pH can be
reformulated using the method of this invention. The resuiting product will have improved bioavallability and
absorption; said reformulation wili reduce or eliminate pain and tissue damage associated with injection of
drugs with an excessive pH. The physiologically-active compounds, such as a drug, mey be in a concentrated
form, or may be dissolved or suspended in a carrler, e.g., & liquid carrier, such as an oll, glyceride, lipid,
coacervate phase(s) or within a film carrier such as a liposome. In one embodiment, a liposome Is
encapsulated in a coacervate-based matrix or coacervate phase and/or coacervate-based film to prevent the
liposome from unravelling prematurely.

Either prompt or sustained release characteristics or mixtures thereof, can be manufactured by the method
of the present invention. into the circulatory system without being absorbed through the lining of the Gi tract.
The formulations are stable, pharmacologically active and will not precipitate in body tissue or fluid. The drug
delivery formulations of this invention include emulsions, microemulsions and coacérvate phase encased
liposomes. In those delivery formulations which are prepared to an excessive pH and are administered
parenterally, the herein disclosed formulations will Improve dissolution, be free of the pharmacokinetic
distortions associated with current drug vehicles and reduce or eliminate pain and tissue damage. Use of this
invention for orally administered drugs or other medically useful compositions significantly improves their
bioavailability and absorption. In brief, this invention comprises a coacervate system containing at least one
monomeric or polymerized surface active compound which can be processed to result in a composition
including one or more physiologically-active compounds coated or encased with a coacervate phase film and
may be in the form of a microemulsion to stabilize and improve the dosage forms specified above. The
physiclogically-active compounds, such as a drug, may be in a concentrated form, or may be dissolved or
suspended in a carrier, e.g., a liquid carrier, such as an oil or glyceride, or within a film carrier such as &
liposome. In one embodiment, a liposome is encapsulated in a coacervate based matrix or coacervate phase
and/or coacervate based film to prevent the liposome from unravelling.

The method of this invention enables the preparation of carrier vehicles useful for the delivery of medically

- useful compositions for man and animals. Thus, the disclosed method can be used to produce a composition

which comprises a red blood cell substitute (resuscitation fluid); If desired, by modifying the method, it wiil
produce an effective plasma expander. The method of the present invention using a polymerized or
polymerizable surface active agent constitutes an improvement in incorporating ability ranging from two to six
times greater than that of the inventor's previously disclosed methods.

The delivery systems of this invention encompass emulsions, microemulsions, encapsulated liposomes,
suspensions, gels and microsuspensions. The size of the coacervate-based encapsulated particles which
comprise the finished products of this invention extend from the nanogram range to about one micron when
administered parenterally. Larger size particles may be made by the disclosed method if required. Filtering
procedures may be used to insure appropriate particle size. This invention envisages compositions in which
particles 1 micron or less are mixed with particles 2 microns or more.

In this invention, the pharmacologically-active component is bound to or embedded in the coacervate matrix
comprising the pharmacologically-active compounds held in a coacervate matrix of the equilibrium water
phase and/or the coacervate phase forming a particle; and the particle, including the pharmacologically-active

~ component and equilibrium water and/or coacervate phase (forming the coacervate matrix) is then

encapsulated by a coacervate-based film. The coacervate-based film can contain one or more
pharmacologically-active component(s), and layered films can contain no, or different, pharmacologically-ac-
tive components. The film can be prepared to any degree of structure (hardness) ranging from soft (semi-gel
like) to rigid. The method provides for a mixture of particle sizes if desired, and for any degree of surface film
hardness, any number of surface films with or without an active compound, or combinations thereof.

In accordance with one embodiment of the present invention, a perhalogenated compound and a two-phase
aqueous coacervate system are combined to yield a useful composition that can be used to solubllize and
stabllize physiologically-active compounds. The resulting products can be administered orally or parenterally,
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preferably intravenously, to perform such useful functions as acting as a barrier to food absorption to assist in
weight reduction programs; as an oxygen-transporting contrast medium; and/or as & resuschation fluld. The
method and tomposition of the present invention also can be used to solubllize and stabilize non-polar
physiologically-active pharmaceutical c¢ompounds, such as drugs, enzymes, biologl cals, peptides,
antimicroblals, anesthetic agents, or combinations thersof. Surprisingly and unexpectedly, according ta the
present Invention, the anesthetic agents, including gases, liqulds and Hiquifiable gases, can be incorporated
into the composition of the prasent Invention. in general, the composition and method of the gresent nverttion

facllitates the manufacture of medically-useful products and fa.cllttates the Introducﬂon of these
-+ -.medically-useful products into the body. :

In accordance with another embodiment, the physlologlcally-acﬁve compound is a heme hemoprotein,
and/or a heme-hemeoprotein complex, such as stroma-free hemioglobin; polymerized hemoglobin; and/or
pyridoxilated, polymerized hemoglobin; and/or an oxygen solvent to augment the oxygen transport capabifity
of the bedy, to treat for several of the anemias and/or to act as an oxygen-carrying plasma extender.

OBJECTS OF THE PRESENT INVENTION

Accordingly, an object of the present ifivention Is to provide a composition and & method of making the
composition wherein one or more physiologically-active compounds are encapsulated by an aqueous
coacervate-based film containing at least one monomeric or polymerized surfacs active compound to provide
unexpected stability to the composition.

Another object of the present inventlortis fo provide a composition and a method of making the compoaltion
wherein one or more physiologically-active compournds Ia dissolved ar dispersed in a Fquid camler and the
carrier and compound are encased In an agueous coacervate-based matrix contalning at least one monomerloc
or polymerized surface active compound, the composition including an aqueous colleid-rich phase or an
aqueous coliold-poor phase or & combination of both phases from a two-phase coacervate system.

Another object of the present invention Is to provide a composition and a method of making the compostion
wherain one or more physiologiceally-active compounds Is dissolved or dispersed in a liquid earriar, such as a
glyceride, and the ¢arrier and compound are encassd In an agueous coacervate-based matrix containing at
least one surface active compound including an aqusous colloid-rich phase or en aquaous collold-poor phase
or a combination of both phases from a two-phasé coacetvate system, thereby preventing the contpound from
diffusing out of the composition prematurely, and to prevent degradation of the compound by bady fiulds.

Another object of the present invention Is te provide a method of administering & physlologically-active
compound to a mammal by oral ingestion, tissue lining absorption or parenteral administration whersin the
composttion includes one or more physiologicallyactive compounds In concentrated form or in a solid or liquid
carrier, encased in an aqueous coacervate-based matrix containing at least one surface active compound,
particularly a film containing an aqueous collold-rich phase.

Still another object of the present inventlon Is to provide a composition and & method of making the
composition wherein previously encapsulated physiclogically-active compounds, such as compounds
encapsulated In a liposome, are further stabifized by encapsulation in an aqueous coacervate-based matrix
containing at least one surface active compound to prevent the compound from leaking by preventing the
liposome from unravelling prematurely.

A further object of the present inventlon is to provide & composition and & method of making the
composition wherein one or more physiologically-active compounds are encapsulated in an aqueous
coacervate-based matrix containing at least one polymerized surface active compound, the matrix including a
colloid-rich or a collold-poor phase, or a combination of a colloid-rich and a colloid-poor phaag to stebilize the
physiologically-active compound and prevent the compound from prematurely leaking out of the
coacervate-based film, and to prevent compound-degenerative materials, such as snzymes, or other digestive
fluids, from reaching and degenerating the compaund. It is a further object of the present invsntion to provide
a non-toxic, two-phase aqueous coacervate-based composition, Including & non-toxic perhalogenated
compound, such as a perhalogenated hydroogrion and/or a psrhalogenated amins, to solubllize and stabiiize
physiologically-active compounds, such as drugs, enzymes, blologicals, peptides, antimicrobials, anesttetic
agents, oxygen carriers, contrast medla and mixtures thersof, and to faciiltate the orel or parenteral
introduction of the physiclogically-active compound into the body.

Ancther object of the present invention is to provide a composition and method of making the composition
wherein one or more physiclogically-active compounds are encapsulatad by an aqueous cgacervate-based
matrix containing & polymer of lecithin to substantlally and unexpsctedly increase the yisld or amount of
physiologically-active compound capable of being carried in the comiposition.

Another object of the present invention Is to provide an aqueous coscervate-basad ¢ompaosition,
incorporating heme, hemoproteins, or a ‘heme-hemoprotein complex, that can be used to increase the
oxygen-transport and lron-transport capabiliities of the body, to treat various anemias and/or to extend plasma
volume.

Another object of the present invention is to provide & coacervaté matrix enveloping one ar more
physiologically-active compounds wherein the coacervate matrix includes a plurality of surface active
compounds one of which is polymerized albumin or polymerized lecithin.

Another object of the present invention is to provide a composttion and maethod of making the compound
wherein a three-layer coacervate system Is formed using a phystologicslly-acceptable alcohol, and the middie
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layer, comprising an aqueous colloid-rich phase, is separated from the other two layers and then formed into a
second, two-phass coacervate system with one or both phases or layers suitable for encapsulating &
physiologically-active compound for oral, tissue-absorptive, or parenteral administration.

Another object of the present inventlon Is to provide a composition and a method of making the composition

wherein one or more physiologically-active compounds is dissolved or dispersed in a liquid carrier, suchasa

glyceride, and the carrier and compound are encased in an aqueous coacervate-based film including an
aqueous colloid-rich phase or an aqueous colloid-poor phase or a combination of both phases from a
two-phase coacervate system, thereby preventing the compound from diffusing out of the composition
prematurely, and .to prevent degradation of the compound by body fluids.

The above and other objects and advantages of the present invention will become apparent from the
following detailed description of the preferred embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides for a stable drug delivery composition useful for the oral administration or
tissue lining absorption of drugs and other medically useful compositions and for the stabllization,
solubilization and delivery of pharmacologically active substances as parenterally administrable drugs at the
pH of body tissue. The compositions of the present invention are derived from a non-toxic two- phase aqueous
coacervate system forming a matrix containing at least one polymerized surface active compound, one phase
of which is colloid-rich, semipolar to nonpolar in character and capable of solubilizing oil-soluble and
water-insoluble components; and the second phase of the coacervate composition is colloid-poor, semipolar
to polar in character and capable of solubflizing water-soluble and, to a lesser degree, water-insoluble
components. The polar phase of a coacervate composition is made of strong; dipolar from about 0.1D to about
0.8D. The nonpolar phase is made up of malecules have little or no dipole character, generally in the range of 0
to 0.1D. See Remington's Pharmaceutical Sciences, Mack Publishing Company, 1973, pp. 241-242. To a limited
degree, however, the colloid-poor phase may be able to solubilize some apparently water-insoluble
compounds, the colloid-rich phase being insolubie and in equilibrium with said colloid-poor phase. In this
invention, a drug is incorporated in the coacervate phase based matrix and encapsulated comprises a
medically useful, surprisingly stable composition suitable for ora!, parenteral, transdermal, transmucosal or
inhalation administration or combinations of such modes of administration.

As used in this invention the term, "transmucosal” means that a formulation of this invention is applied
directly to any of the accessible mucosal membraneous tissues of the body. The term, "transdermal” is used to
mean a formulation applied directly to the surface of the skin. "Tissue absorptive” includes both transdermal
and transmucosal. The terms, "oral”, "parenteral” and "inhalation” are used as per conventional definitions. In
this invention, the oral route means that any oral dosage form can be accommodated, L.e., tablets, capsules,
liquids, particles, and the like.

The term *drug” is defined by the Federal Food, Drug and Cosmetic Act, and as used in the present
disclosure, is "articles recognized in the official United States Pharmacopoeaia, offical Homeopathic
Pharmacopoeaia, or official National Formulary or any supplement to any of them®. Further clarification of this
definition is supported by Remington’'s Pharmaceutical Sciences, which states "drug” to mean “any article
contained in the above-cited references which is used in the process of diagnosis, cure, treatment, mitigation
or prevention of disease in man and animals". Remington's Pharmaceutal Sciences, (Easton, Pa.: Mack
Publishing Co., 1975), p. 1843. All drugs as encompassed by any of these definitions can be incorporated into
the coacervate compositions of the present invention for oral or parenteral administration to mammals.

Itis known that the active components of many parenteral drugs such as antibiotics, anesthetics, anticancer
agents, hypertensive compounds, and the like, are insoluble or only slightly soluble at the pH of plasma or

tissue fluids and as such, the procedures commonly employed to deal with this problem include use of the salt =
of the parent compound and/or use of propylene glycol and/or alcohol as a solubilizing agent(s) for the drug.

Physician’s ‘Desk Reference, (oradell, N.J.: Medical Economic Co., 1986).

U.S. Pharmacopoeaia, indicates that of the injectable drugs used in the direct medical treatment of diseased
states, approximately 200 are prepared from the salt of the parent compound and administered at a pH which
differs significantly from that of body tissue. It follows from accepted pharmaceutic principles that when adrug
based upon the salt of a parent compound is injected, the intracellular and extracellular water at the site of
injection will buffer the drug sufficiently to alter its pH and cause a quantity of it to precipitate out of solution
and into the injected site.

The following list illustrates the extensive use of the salt of the parent compound in injectable drugs as well
as the frequency of an associated excessive pH. As is evident, virtually all classes of drugs are represented,
and, in accordance with the principies of the present invention, are suitable for formulation in all embodiments
of the coacervate compositions of the present invention for oral or parenteral administration or for tissue
absorption.

-
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DRUG
Acetazolamide, Sodim
Alphaprodine HCl
Amicocaproic Acid
Aminosuppurate Sodium
Aminophylline
Aminotryptyline HCI
Amobarbitol Sodium

_ Anileridine
Amphotericin B
Ampicillin

Anti coagulant Heparin Sqlution
Arginine BCl

Atropine Sulfate

Atrial Peptides
Azathioprine Sodium
Benztropine Mesylate
Betaine HCl
Betamathazone Sodium
Bethanecol Chloride
Biperiden Lactate
Bleomycin Sulfate
Brompheniramine Maleate
Bupivacaine-Epinephrine Injection
Bupivacaine HC1
Butabartitol Sodium

EE_ i
3.0-10.0

.4.0-6.0

6.0-7-6
6.7-7.6

"8.6~9.0

4.0-6.0
9,6-10.4
2.5-3.0
7.2-8.0
5.0-7.0
5,0-7.0
8.0-6.5
3.0-6.5

9.8-11.0
5.0~8,0
0.80-1.2
8.0
5.5-=7.5
4.8~5.8
4.5-6.0
5.8-7.0
3.3-8.5
4.0-6.5
10.0-11.2

1
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Butorphanol Tartrate

Caffeine-Soidum Benzoate Injection
Calcium Glueptate Injection

Calcium Levulinate

Carboprost Tromethiamine Injection

Cefamandole Sodium
Cefamandole Nafate
Caphazolin Sodium
Cafataxime Sodium
Ceftizoxime Sodium
Cephalothin Sodium
Caphaprin Sodium
Caphradine

Cafonocid Sodium
Chloramphenicol
Chlordiazepoxide HC1
Chloroprocaine HCL
Chlorothiazide Sodium
Chlorpromazine HCl
Cefoperazone Sodium
Chlorphenramine Maleate
Chlorogquine HCl
Chlortetracycline NC1
Clorprothixene
Colchicine Desmopressin
Clindamycin Phosphate

Cimetadine Hydrochloride

Codeine Phosphate
Corticotropin
Cyanocobalamin
Cyclizine Lactate

.Cyclophosphamide

Cyclosporine
Cysteine HCl
Chlorprothixene HC1
Dantrole&é Sodium
Dacarbazine

0274 431

3.0-5.5
6.5-8.5

'5.6=7.0

6.0-8.0
7.0-8.0
6.0-8.5
6.0-8.0
4.5-7.0
4.5-65.
4.5-6.5
4.5-8.0
6.5-8.0
8.0-9.6

9.2-10.0
3.0-5.0

4.5-6.5

4,0-5.2

‘ 5.5—6-5

2.3-3.3
4.0-5.0
6.0-7.0
5.5-7.7
4.0-6.0
3.0-6.0
2.5-6.0
4.5-7.0
3.2-4.7
3.9-6.7

3.0-4.0
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Cactinomycin 5.5-7.5
Daunorubicin HC1 4.5-6.5
Deslanoside 5.5-7.0
Desmopressin Acetate 3.0-5.0
Dexamethasone Sodium Phosphate 7.0-8.5
Diatrizoate Meglumine - o " 6.0-7.7
Diatrizoate Sodium 4.5-7.5
Diazepam 6.2-6.9
‘Diazoxide 11.2-11.9
Dibucaine HCl 4,5-7.0
Diecyclomine HCl 5.9-5.5
Ditheylstilbesterol Disphosphate —————
Digoxin e
Dihydroergotamine Mesylate 3.2-3.0
Diphenhydramine HC1 " 4,0-8.5
Dimenhydrinate 6.4~7,.2
Dobutamine HC1 2.5-5.5
Dopamine HCl 2.5?5.5
Dopamine HCl -Dextrese 3.0-5.90
Doxapram HCI . 3.5-5.0
Doxorubicin EC1 3.8-6.5
Droperidol 3.0-3.8
Dhphylline 5.0-8.0
Edetate Disodium 6.5-7.5
Emetine HCl . 3.0-4.0
Ephedrine Sulfate 4.5-7.0
Epinephrine , 2,5-5.0
Ergonovine Maleate 2.7-3.5
Ergotamine Tartrate 3.0-4.0
Erythromycin ————
Erythromycin Ethylsuccinate 6§,0-8.5
Seythromycin Gluceptate ) 6.0-8.0
Erythromycin Lactibionate 6.5-7.5
Estradiol valerate . . . ————
Ethacrynate Sodium 5.3-7.7
Ethylnoféginephrine HCl 2.5-5.0
Etidocaine HCl 11,0
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Fentanyl Citrate
Floxuridine
Fluorescein Sodium
Fluoracil
Fluphenazine Enanthate
Fluphenazine HC1
Folic Acid

Furosemide

Fallamine Triethiodide
Gentamycin Sulfate
Glucagon
Glycopyrrolate
Haloperidol
Heparin-Calcium
Heparin-Sodium
Hetacillin-Potassium
Hexafluorenium Bromide
Histamine Phosphate
Hyaluranidase
Digitoxin

Fructose

Hydralazine HC1

0274431

Hydrocortisone Sodium Phosphate

Hydrocortisone Sodium Succinate

Hydromorphone HCl
Hydoxocobalamin
Hydroxyzine HC1
Hyoscyamine Sulfate
Inipramine HC1l
Iophendylate
Iothalamate Sodium
Iron Dextrah
Isobucaine HCl-Epinephrine
Isoniazid
Isoproterenol ECl
Isoxsuprine HCl

Kanamycin Sulfate

10

4.8-5.2
8.0-11.0
8.5-9.3
5.3-7.0
3.0-5.5
2.5-3.0
2.0-3.0
3.0-3.8
5.0-7.5
5.0-7.5
7.0-9.0
4,0-7.0
3.0-6.0
6.4-7.4
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Ketamine HCl
Leucovorin Calcium
Levallorphan Tartrate
Lidocaine HCL
Lidocaine HCl Dextrose
Lidocaine HCl-Epinhephring

Lidocaine HCl-Epinephrine Bitartrate

Lincomycin HCL

Magnesium Sulfate

Magnesium Chloride
Methlorethamine EC1
Menotropins

Meperidine HC1
Mephentermine Sulfate
Mepivacaine HC1

Mepivacaine HCl-Levonordefrin
Meprylcaine HCl-Epinephrine
Mesoridazine Besylate
Metaraminol Bitartrate
Methadone HC1

Methicillin Sodium
Methiodal Ssodium
Methocarbamol

Methohexital Sodium
Methotrexaté Sodium
Methotrimeprazine
Methoxamine HC1
Methscopolamine Bromide
Methyldopate HCL
Methylergonovine Maleate
Methylpredisdlone Sodium Suceinate
Metronidazone

Miconazole

Minocycline HC1

Mitomycin

Morphine Sulfate

Moxalactam Disodium

"

3.5-4.5
6.5“8.5

4.0-8.5

5.0-7.0
3.5-7.0
3.3-5.5
3.3-5.5
3.0-6.6
5.5~7.0
1.5-2.5
3.0-5.0
6.0-7.0
3.5-6.0
4.0-6.5
4.5<6,8
3.3-5.5
3.5«5.5
4,0-5.0
3.2-4.5
3.0-6.5
5.0-7.5
5.0-8.0
3.5-6.0
10.6~11.6
8.0~9.0
3.0-%.0
3.0-5.0
4.5-5.0
3.0“'4;2
2.7-3.5
7.0-8.0
4.5-7.0
3.7<5.7
2.0-3.5
6.0-8.0
2.56.0
4.5<7.0
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Nafcillin Sodium
Naloxone HC1

Neostigmine Methylsulfate
Netilmicin Sulfate
Niacin

Niacinamide

Norepinephrine Bitartrate
Nylidrin HC1

Orphenadrine Citrate
Oxacillin Sodium
Oxymorphone HCL
Oxytetracycline
Oxytetracycline HCl
Oxytocin

Papaverine HCl
Parathyroid

Penicillin G Potassium
Penicillin G Procaine
Penicillin G Sodium
Pentazocine Lactate,
Phenobarbital Sodium
Perphenazine
Phenobarbital Sodium
Perphenazine
Phenobarbitol Sodium
Phentolamine Mesylate
Phenylephrine HC1l
Phenytoin Soidum
Physopstigmine Salicylate
Phytonadione

Plicamycin

Posterior Pituitary
Potassium Acetate
Potassium Chloride
Prednisolone Sodium Phosphate
Prednisolone Sodium Succinate
Prilocaine HC1l

12

6.0-8.5
3-0_405

.5.—-6-5

3.5-6.0
4.0-6.0
5.0-7.0
3.0-4.5
4.5-6.5
5.0-6.0
5.0-8.5
2.7-4.5
8.0-9.0
2.0-3.0
2.5-4.5
3.0 or less
2.5-3.5
6.5-8.5
5.0-7.5
6.5-7.5
4.0-5.0
9.0-10.5
4.2-5.6
9.0-10.5
4,2-5.6
9.2-10.2
4.5-6.5
3.0-6.5
10.0-12.3
4,0-6.0
3.5-7.0
5.0-7.5
2.5-4.5
5.5-8.0
4.0-8.0
7.0-8.0
5.7-8.0
5.0-7.0
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Procainamide HC1l
Procaine HCl
Procaine HCl-Epinephrine
Procaine-Phsnylephrine
Hydrochlorides
Procaine and Tetracaine HC1
and Levonodefrin
Prochlorperazine Ediasylate
Promazine HC1
Promethazine HC1
Propiomazine HC1
Propoxycaine-Procaine HCl'g~
Norepinephrine Bitartrate
Propanolol HC1l
Protein Hydrolysate
Pyridostigmine Bromide
Pyridoxine HCL
Quinidine Gluconate
Reserpine
Riboflavin
Ritodrine HC1l
Rolitetracycline
Scopolamine HC1
Secobarbital Scdium
Sisomycin Sulfate
Spectinomycin HCl
Streptomycin Sulfate
Succinylcholine Chloride
Sulfadizazine Sodium
Sulfixoxazole Diolamine
Superoxide Dismutase
.Terbutaline Sulfate
Testosterone Cypionate
Testosterone Enanthate
Tetracaine HCl
Tetracycline HC1l
Tetracycline Phosphate Complex

'\

13

4.0-6.0
3.,0-53.5

'300-515

- an

3,0-5,5
3.5-5,0
4.2-6.2
4.0-5.5

4.0-5.5
4.7-5.3

-——— -

- o -

12
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Thiamine HC1 ’ 2.5-4.5
Thimylal Sodium 10.7-11.5
Thiethylperazine Maleate "3.0-4.0
Thiopental Sodium 10.2-11.2
Thiothixene HC1 2,5-3.5
Tobramycin Sulfate - "~ 6.0-8.0
Tolazoline HCL 3.0-4.0
Tolbutaminde Sodium 8.0-9.0
Triamcinolane Diacetate 6.0
Tridihexethyl Chloride 5.0-7.0
Trifluoperazine HC1 4.0-5.0
Triflupromzine HCL 3.5-52.
Trimethaphan Camsylate 4.9-5.6
Trimethobenzamide HC1 4.8-5.2
Trimethoprimsulfamethoxazole 10.0
Tromethamine 10.0-11.5
Tubocurarine Chloride 2.5-5.0
vVasopressin : 2.5-4.5
Vincristine Sulfate 3.5-4.5
Vidarabine Concentrate 5.0-6.2
Vinclastine Sulfate 3.5-5.0
Warfarin Sodium 7.2-8.3

Verapamil 4.1-6.0

It is to be understood that the above list of drugs is for purposes of illustration and is not provided as an all
inclusive list of all the drugs which may be beneficially formulated or reformulated using the oral or parenteral
drug, tissue absorptive, transmucosal, or inhalation delivery compositions of the present invention. Other
physiologically-active compounds that can be encapsuiated in the coacervate compositions of the present
invention include biologically-active compounds, such as proteins, enzymes, anti-enzymes, peptides,
catecholamines, anti-histamines, analgesics, and the like. For the purposes of the present invention
"biological” is defined to mean any medically useful composition derived from a biclo gical source and/or a
synthetic pharmacological equivalent thersof such as insulin, heme, hemoglobin, and hormones; *enzyme® or
"enzyme system” is defined to mean any protein or conjugated protein produced biologically or synthetically
and which functions as a biocatalyst; "peptide” refers to peptides and polypeptides derived from either
endogenous, exogenous, or synthetic sources and is used to mean polymers of amino acids linked together
by an amide type linkage known as a peptide bond. Anti-enzymes are chemical or biological entities specific to
a given enzyme which act to interfere with or terminate the biological activity of the enzyme. Other medically
useful compositions known to those skilled in the art, for example, globulin, one or more glycoproteins, such
as erythropoietin, also may be incorporated in the compositions of the present invention.

Drug compounds dissolved in any non-toxic, physiologically-acceptable solvent such -as a glycol, for
example, propylene glycol, and/or alcohol also may be used in the practice of this invention. The procedure
and quantity of drug incorporated when using such compositions are any desired quantity, such as that
described.

The following are examples of standard doses which can be incorporated into the coacervate-based
matrix-enveloped compositions or products of this invention:

Cimetidine HC! 150 mg/ml
Diazepam 5§ mg/mi

14
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5-Fluorouracii 500 mg/10mi
Erythromycin Lactobionate 1 mg/mil
Flosuridine 500 mg/5ml
Amthoteracin D 0.1 mg/m}
Fluphenezine HC! 2.5 mg/mi
Heparing Sodium  1,00-20,000 units/m|
Haloperidol lactate 5 mg/ml
insulin 40 units

Ketamine HC! 10 mg/mi
Labeitol HCI 5 mg/ml
Lipocaine HCl 10 mg/mi
Miconozole 10 mg/ml
Morphine Sulfate  0.5-1.0 mg/ml
Dropendal 2.5 mg/m!

Imipramine HCI 25 mg/2mi
Phenytoin 100 mg/mi
Pentobartital Sodium 50 mg/mi
Tetracycline HCI 250 mg/100ml
Thiopental Sodium 0.2 mg/2ml
Verapamil HCI 2.5 mg/ml
Vincristine Sulfate 1.0 mg/ml
Fentany! citrate  0.05 mg/ml
Methylprednisolone Sodium -
Succinate 40 mg/ml

Once the drug Is solubilized in (held withini the matrix of) the collold-rich phase of the composition of the
present invention and adjustments are made to the pH; if necessary, e.g., to 7.3-7.4 by the addition, -for
example, of either hydrochloric acid or sodium blcarbonats, the preparation may be adminlstared or storsd in
the standard or desired dose in appropriate conteiners such as ampulss, vials, and the Iike. Alternatively,
following solubllization of the drug in the coacervate phase, the previously separated collold-poor phasg can
be added and the resulting mixture emulsified usirig technigues known to producs microerulsions. Foliowing
adjustment of the pH to, for example, 7.3-7.4, by adding élther HCI or sodium bicerbonate as required, the
preparation is now ready for use or storage. In some Instances, as noted previously, the colioid-poor phase
may be used to solubiiize and prepere formulations of poldar and semipolar drug composttions.

Other medically useful compositions encompassed by the definition of drugs herain are also delivered moré
effectively orally, parenterally or by other means of administration that sventuate In 4ssus absorption of the
drug(s) by incorporation into the compositions of the present invention since such Incorporation improves
such parameters as stability, solubility, dslivery &nd the like. Other medically useful compounds capdble of
being incorporated in the composttions of all ambodiments of the prasent invention Include vitamins, for
example, vitamin B complex, vitamins A, D, E and K, vitamin B4z, folic acid, and the like. Additlonally, enzyimes
such as glucagon, lipase, a-amylase, supsroxide dismutase, and the like, and nutrients such &s fats, ptoteins,
amino acids and carbohydrates may be incorporated into the drug delivery compositions of the present
invention. Nutritional formulations using the compositions of the prasent invention may include both
water-soluble and water-insoluble compounds, for example, vitamins, polyunseturated com ofl, soy olil,
triglycerides, amino acids, soy proteln isclate, soy iscithin, corn syrup, sucross and other nutritional enttties
known to be useful when normal food inteke Is precluded or otherwise interfered with. Peptide and/or
polypeptide compositions, particularly dipeptides end tripeptides, also tan be included In the compositions of
the present invention. Additional active compbunds includeable Into the coacervete composliions of the
present invention, particularly for oral administtation include Azothicprine; Cyclospring; Monensin; iow
molecular weight Heparin, Amrinone and ethsr lohotropics; Superoxide Dismutass; Proteglanding:
interforons; Urokinase; hGH (human growth B6imone); Aminoglycoside antibiotics: Estrogen; Caphalospo-
rins; Androgens; Anti-androgens; Renin Inhibitors; Lipoxygertass Inhibitors; Hypothalmic and Piuitary
Hormones; Cardiac Glyscosides; Anti- inflarnatory steroids; Non-sterold Inflamatory drugs: Vancomyoin;
Tissue Plasminogen Activators; Enzymes such as adenosine deaminess; and blood factors, such as Factor
VIil and Factor IX complex.

Compositions of one embodiment of the present invention comprise one or mors non-toxic menomeric or
polymeric surfacs active agents which may be derivad from endogenous, exogenous or synthetic sourves. For
purposes of this invention, they nmay be selected from any of the classes of surfactants describsd by Zographl
(Ref: Remington's Pharmaceutical Sciences, pp. 285-298, Mack Publishing Co.” 1976). The palymsrs are
obtained from the following monomers: anionic, cationic, amphoteria, and non-lonic surfactants. Surfece
active agents in the anionic classification include di-{2-ethylhexyl) sodium sulfosusciate; hon-anic
compositions include polyethylene glycol {(PEQ) and polymerizad esters; and amphoteric suifece active
agents include (1) compounds classified as simple, conjufyated, derived, #hd secondary protains such as the
albumins; gelatins; modtfied fluld gelatins; lipoproteins; alphe, beta end gamma globfins and glycoproteins,
and (2) compounds refarred to as phospholipids. The amin salts and the quetemery ammonium etlts within
the cationic group also comprise useful surfactants. Other surfactint compounds useful to férm coacervmtes
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in accordance with the principles of the present invention include compositions within the groups known as
the polysaccarides and their derivatives, such as chitosan; dextran; the mucopolysaccarides; and the
polysorbates and thelr derivatives. Synthetic polymers that may also be used include compositions such as
polyethylene glycol and poiypropylene glycol. Other suitable surface active agents that can be used to prepare
coacervate compositions useful in accordance with the principles of the present invention Include pectin,
glycoprotein, glycolipid, galac tose, and modifled fluid gelatin. Acceptable coacervate compositions can be
made from single surface active agents listed above or through the use of appropriate combinations thereof.

Compounds that are not intrinsically surface active may also be used to prepare coacervates provided they
can be made surface active by chemical or other means. Thus, fatty acids are not considered to be surface
active compounds; however, when they are reacted with an alkaline chemical entity, the resulting reaction
products will include one that has surface active properties. For instance, mixing stearic acid with sodium
hydroxide will produce a salt of stearic acid that has surfactant characteristics.

Virtually all surfactants useful to this invention can by polymerized (e.g., modified fluid gelatin) and used in
the method and compositions of the present invention.

As noted above, known synthetic polymers, e.g., polyethylene glycol dextran, a polysaccaride, and the like,
may be used in this invention.

To achieve the full advantage of the present invention, the coacervate matrix includes at ieast one
polymerized surfactant. The polymerized surfactant or a combination of polymerized and monomeric
surfactants have produced delivery systems that are exceptional in their ability to entrap hemoglobin and other
pharmaceutical components.

Surfactants useful to this invention can be polymerized by using, as an example, any of the customary
aldehydes (e.g., gluteraldehyde) and following known procedures associated with the use of the aldehydes to

- produce the polymer form.

A

To achieve the full advantage of the present invention, the combination of the surface active compounds
include polymerized albumin and polymerized lecithin; polymerized albumin and monomeric lecithin;
monomeric albumin and polymerized lecithin; casein and polymerized lecithin; gelatin and polymerized
lecithin; pectin and polymerized albumin. It should be noted, however, that coacervate compositions useful in
accordance with the principles of the present invention can be made from selected single surface active
agents such as polymerized albumin or polymerized lecithin.

To achleve the full advantage of the present invention, one of the surface active agents should be a
phospholipid, such as lecithin or polymerized lecithin, in the composition of the present invention. It may be
derived from any suitable source. Egg lecithin is preferred. Other phospholipids such as cephalin, isolecithin,
sphingomyelin, phosphatidyl serine, phosphatidic acid, phosphatidyl inositol and phosphatidyi choline, and
combinations thereof, may be used in place of or in addition to lecithin, particularly where the other surfactant
is polymerized albumin.

Further, to achieve the full advantage of the present invention, a suitable surface-active protein, such as
albumin or polymerized albumin, comprises another component of the compositions of the present invention.
Albumin derived from any acceptable source, such as human, is acceptable. Other suitable surface active
proteins include alpha-, beta- and gamma-globulins, gelatin, modified fiuid gelatin, lipoproteins, polypeptides
and mucopolysaccarides. While albumin is preferred, any suitable, non-toxic protein, i.e., simple, conjugated
or derived proteins or mixtures thereof, including the globulins may be used in place of albumin. When globulin
is used in the process described in this specification, the finished product not only comprises a coacervate but
a composition in which the medical usefulness and the activity of the gamma globulin is prolonged.

The use of an aqueous based coacervate composition as the starting composition for the microemuisions of
the finished products of the present invention distinguishes the compositions of the disclosed invention from
known microemulsions that are comprised of a lipid (liquid or solid) or oil phase and a water phase. It should be
noted that stabllization of known microemulsions by encasing the microemulsions in a coacervate phase
matrix and/or film, in accordance with the principles of the present invention, is an important feature of the
present invention.

According to another embodiment of the method and compoasition of the present invention any non-toxic
moiecule capable of carrying, and releasing oxygen to the bloodstream of a patient, and/or an oxygen solvent,
preferably a molecule that contains iron, can be used as the physiologically-active component of the
composition. Further, it has been found that, a heme, and/or a hemoprotein and/or a heme-hemoprotein
complex can be used as the physlologically-active component. Since the heme, hemoprotein and
heme-hemoprotein compiexes contain iron, these preferred compounds possess an important advantage
because sources for the physiologically-active component include endogenous, exogenous and synthetic
compositions.

- - As used above and hereinafter, heme is defined to comprise the prosthetic group of hemoglobin. However,

according to the composition and method of the present invention, prosthetic groups of other compositions,
such as myoglobins, catalases, cytochromes b and some peroxidases can also can be used to form the
heme-hemoprotsin complexes. The preferred heme molecule for use in the present invention is a complex of
iron and protoporphyrin 8, type lil. Similarly, hemoproteins that can be used above or in the heme-hemoprotein
complex include hemoglobin, ovo globulin, ovocanalbumin, Cytochrome ¢, Cytochrome P4so, polymerized
hemoglobin, pyridoxilated-polymerized hemoglobin, ovomucin and lactalbumin. To achieve the full advantage
of the present invention, when using a hemoprotein or the heme-hemoprotein complex combination,
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hemoglobin of human,bovine, synthetic or genstic engingering sources, in stroma-free form, 4s utilized. as the
hemoprotein.

In accordance with an important embodiment of the present invention, &f of the components of the prasant
invention, and especiaily the heme, the hemapreteln andfor the hems-hamoproteln complex shautd be be
pure and stable. Therefore, either pror to or efter incorporating the hems, hemeprotein ang/or
heme-hemoprotein complex into the composition of the present invention, a solution of the hems,
hemoprotein and/or the hame-hemoprotaln complex Is treated with a chemical agemt that ferms etabie don

campiexes with the heme, hemoprotein or hame-hemoprotein complex, such as a carbon smonoxide or an’

- inorganic-cyanide, particularly cyanide salts or cyanide complexes, such as sedium cyenide hydrogen cyaride.

The chemmiical agent can be removed readily from the heme, hemoprotejn and/or heme-hemaprotein complex’

when an gxcess of oxygen is introduced info the solution. For example, carbon monoexide s biuhied frwough
the heme, hemaprotsin and/heme-protein solution unti all oxygen is removed frem the solution. & @
subsequant processing step, the complexad carbon manoxide s removed by intraducing an excess of
oxygen to the heme, hemoproteln and/er heme-hemeprotein complex. In accordance with & new and
unexpected feature of the present invention, fhe intimate contact of the solution with carbon monoexide
stabilizes the heme, hemoprotain and/or heme-hamoprotein complex during the manufacturing procass,
thereby preventing oxidation of the heme, hemoprotein and/or hame-hemoprotein compiex. ’

Further, the composition preparad according {0 the method of the present invention provides iron that is
absorbed into the body of humens and other mammes from the hems, hemeproteln and/or the
heme-hsmoprotein molecules as intect hems molecules. This absorpticn duplicates the nebural seuree anrd
natural mode of ¥on absorption and, therefars, provides a significant jmprovemsnt over &0 GoMPounds NowW
in commercial Use. For example, ususlly the iron thet is present in such comimercial composiliens frst must be
conyerted to ferrous iron in the stomach end guodenum before any ebsorption ocowrs.

In accordance with an imporient feature of ihe present inwvention, the heme, hamoprotein amvd/or
heme-hemoprotein complex present in the composition after oral administration {8 protected from
degradation in the digestive tract by the comcervets phase of the comcarvate system. A fim of
coacervate-phase water surrounds and compietely coats each hema, hamaprotein and/or hems-hemaprotein
complex to protect the heme, hemoprotein and/or heme-hemaprotein complex from gastrointestinal
degradation. The coacervate-phass water differs in physical structure fram the butk water which ls present in
the stomach, thereby slowing the diffusion of digestive enzymes in the bulk water. Accordingly, the digestive
enzymes are unable to penetrate the fim of coacervate-phase water that covers each hame, hemoprotein
and/or heme-hemoprotein compiex molsculs, thersby reducing the rate of Interection of the enzymes with the
heme, hemoprotein and/or hems-hsmoprotein complex. This slow rate of interaction allows physiologleally
useful quantities of heme, hemoprotsin and/or heme-hemoprotein complex to avold degradation and,
therefore, to pass through the walls of the small intsstine and inte the circulatory system of the reciplent. The
protective feature afforded by the coacervate phass also operates to protect the oxygen-cerrying
physiologically-active component(s) against degradation effects of pH, acldbase baiance and other
conditions and processes of the gastrointestingl tract.

In accordance with another important embodiment of the present invention, lposomes and thsir contents
are enveloped with a coacervate-based fiim - the film belng dsrived from any of the two-phase liquid aqueous
non-toxic coacervate compositions described herein. Liposomes of any acceptable composition and of any
lamellar structure, ie., unilamellar, multilamellar, or plurilamellar, or any combination may be used in
accordance with the principles of this embodiment of the present invention. Furthar, the liposome may contain
any of the following physiologically-active componsnts: any oxygen carrying moleculs or oxygen solvent(s),
any drugs, hormones, biologicals, steroids, peptides, tissue plasminogen activators, enzymes, anti-snzymes
and/or any other compositions ar combinations thareof which are of biological or medical intarest. Suitable
oxygen solvents include perfluorosarbons; the coacervate phase of a lecithin-water coacervate solution; the
coacervate phase of a lacithin-albumin-watar selution, and the like. The sourcs of the physlologicaliy-active
compound(s) can be either endogenous, exagenous or synthetic or any acceptable, non-taxic combination
thereof. : . '

The liposome embodiment of the present invention comprises a liposome aomponent, the pharmacsutic
and/or pharmacologic entity(s), or combinations thersof, contalnad within -the Hposomss, and a
coacervate-based matrix and/or film encapsulating the liposome component and its contents. In this
embodiment of the present invention, liposomes containing the physiologically-active molecule are mixad into
a surfactant solution such as a solution of polymerized albumin, To achieve the full advantegs of ‘this
embodiment of the present invention, the surfactant (polymerized albumin) solution also contains polymerized
lecithin and is converted to a coacervate phase to form & coacervate matrix and/or fifm envaloping the
liposome composition. o ' R '

Further emulsification of this mixture produces a composition enveloping the liposome In a coacsarvate-
based matrix and/or film. The emulsified composition including the I{posome enveloped by a coscarvate-
based matrix and/or film then Is microemulsified to produce a microemulsion having particles of 1 mioron or
less in size. As an option, microemulsion(s) can be processed further to produce sustalned relsase
composttions; the methods include application of heat; use of a cross-linking agent, or repesting specific
process steps.

As a further option, the composition may be dried, such as by freatment with heat, or fraeze drisd to
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produce a lyophilized product, which can be produced to any desired particle size and reconstituted with any
physiologically appropriate fluid. When reconstituted, such compositions include a resuscitation fiuid and a
delivery system to introduce compositions of biological or medical Interest into the body.

The specific compositions of this invention can be administered either parenterally, transdermally, orally,
absorbed through the tissue lining of other body sites, or via inhalation, or combinations thereof, as
appropriate.

When the reconstituted composition is intended for intravenous use, isotonicity and pH should be adjusted
by known procedures to normal body vaiues before administration. A single layer of coacervate matrix and/or
flim encapsulates the composition. if desired, in accordance with a preferred method, the finished product can
be subjected to film encapsulation procedures repeatedly to produce concentric films of any desired
thickness. Each film can contain no additional physiologically-active component or each can contaln a desired
concentration of any physiologically-active component, same or different.

While it is preferred that the microparticles of the finished products of this invention be 1 micron or less,
particularly when administered parenterally, there are conditions, such as for oral administration, when
microparticles of this invention are 2 microns or more In size.

In accordance with one embodiment of the present invention, any appropriate non-toxic coacervate
composition containing one or more polymerized surface active agents, particularly polymerized albumin
and/or polymerized lecithin can be used in the manufacture of the drug delivery compositions of the present
invention. The coacervate-enveloped compositions of the present invention incorporate non-toxic
endogenous or exogenous surface-active agents, derivatives thereof and/or combinations of surface-active
agents or derivatives.

In the preferred formulation, polymerized albumin comprises one component. The lecithin that is used in this
method may be monomeric or polymerized. One method by which lecithin can be polymerized is as follows:
Remove one or both of the fatty acids of lecithin by hydrolysis. This step results in a free hydroxyl group on
each lecithin molecule. This in turn produces a lecithin composition that lends itself to polymerization by
customary techniques.

To achieve the full advantage of the present invention, when polymerized albumin is used, the polymerized
albumin should contain from two to six albumin molecules. Longer molecule chains may be used but are not
preferred. To achieve the full advantage of the present invention, the weight average molecular weight of the
polymerized albumin, when used in this invention should range from about 200,000 to about 300,000,
preferably from about 200,000 to about 280,000. Compositions of greater or lesser molecular weight may also
be used. The albumin component can be derived from any acceptable, endogenous, exogenous, or synthetic
source including genetically engineered sources. The lecithin may be derived from any suitable non-toxic
source. In the practice of this invention, any acceptable phospholipid can be substituted for lecithin. in such
case the phospholipid may be monomeric or polymerized. To achieve the full advantage of the present
invention, when polymerized lecithin used in the method and composttions of the present invention, the
polymerized lecithin should contain three to four linked lecithin molecules and has a weight average molecular
weight of about 1600 to about 3200, preferably about 2500. Shorter or longer chain phospholipids also may be
used.

In preparing the red blood cell substitutes (resuscitation fluids), it is preferred that a reducing agent be
added to the product in the process of manufacture.

Depending upon the finished product to be produced, the pharmaceutically-active component may be an
oxygen carrying molecule, an oxygen solvent molecule, hormone(s), water soluble drugs) water insoluble
drug(s), biological(s), a water sensitive drug(s), a peptide(s), an enzyme(s), and the like, either singly or in
combination. The active component is incorporated in the composition during the manufacturing steps in that

. quantity that will provide the desired clinical amount. Thus, for example, in the case of drugs, this will be the

dose given in the Physician’s Desk Reference plus five to fifteen percent. If desired, greater or lesser amounts
of any given drug may be used to meet specific medical requirements. In the case of the inclusion of hemoglo
bin, the preferred quantity is that amount that will produce fourteen percent hemoglobin in the finished
product. Greater or lesser quantities of hemoglobin may also be used depending upon the end use of the
finished product. If desired, a sterol, such as cholesterol, and/or urea preferably about 0.1% to 3% may be
included in the composition to formulate red blood cell substitutes.

Any composition of this invention to be administered orally can be formulated to any dosage, e.g., capsules,
tablets, syrups, emulsions, suspensions, microemuisions, and the like.

When preparing the intravenous red blood cell substitute of this invention, the basic method is followed.
Additional steps are used, however, to adjust the pH, viscosity, and isotonicity of the preparation, when

_ necessary, to approximate the values of whole human blood. In the method of this invention that prepares

parenteral products, the pH is adjusted to approximately 7.4. The oral drug compositions of this invention
require no adjustment of pH, viscosity or isotonicity. pH adjustment, however, is preferred. Manufacture of all
preparations of this invention are preferably made under sterile conditions.

In accordance with another embodiment of the present invention, a composition comprising a non-toxic
perhalogenated compound and a non-toxic two-phase coacervate aqueous system is utilized to prepare .
medically-useful products for oral or parenteral introduction into the body. The coacervate-based composition
can be used to solubilize and stabilize physiclogically-active compounds, in order to facilitate delivery of
medically-useful products, such as a resuscitation fiuid, an oxygen-carrying contrast medium, or a
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pharmaceutical, into medicdl patients.

The perhalogenated compounds that are useful In the present invention include organic campounds sugh
as hydrocarbons, ethers and/or amines, having essentially all of the hydrogen atoms of the orgenic eompound
replaced by a halogen atom, such as fluotine, ioding, chiorine or bromine. Of parficular interest are the
perflucrinated and perfiuoroiodinated compounds, especlally the perfluorohydrecarbons and -pertlio-
roamines, or hydrocarbons and amines having essentially all of the hydrogen atoms replagced by fluorine
atoms.

To prepare the red blood cell substitute, the following method is used: to 100 mis of a 30% solution of
monomeric lecithin, add 10 gms of stroma-frae hemoglobin.and, if desired, also add 0.18% cholesterdt, If
cholesterol Is used first it should be dissolved Info the surfactant, e.g.. lecithin, such as with the sid of a
solvent, e.g., n-butyl alcohol. The quantity of the hemaoglobin component cen vary from 196 w/v to 200 w/v. If
desired, modified hemoglobin may be substituted in the same quantities for stroma-free hemoglobin. In
addition, hemoglobin encapsulated within fiposornes may be substituted for the preferred stroma-free
hemoglobin. It is preferred that & reducing egent and/or an antioxldant such as reduced nicatinamide adsnine
dinucleotide phosphate (NADPH), or reduced nicatinamide edenine ‘dinucleotids phosphate (NADH), or
glutathione, or dextrose, or ascorbic acld or cther known non-toxic antioxidants be edded as the next step.
Appropriate combinations of reducing agents alsc may be used, If desired. If added, such compounds &re
added in such quantity as will prevent the oxidation of the hemoglobin component; generelly trace amounts up
to about 3 molar percent based upon the molar amount of hemoglobin. To achleve the full advantags of the
present Invention, the reducing agent should be ingiuded In an amount of from trace amounts tc 8 millimoles
per mole of hemogiobin. Acceptable composttions may be prepared without the use of reducing agents.

Following this step add 20 gms of either monomeric or polymerized albumin. The polyrherized form Is
preferred. The resulting composition then ls processed by means of a cofloid mill and/or & microfiuldizer for
about 10 minutes. During this processing step add a polymerizaticn Initiator, e.g.. a solution of
1-ethyl-3-dimethyl-amiropropyl-carbodlimide of about 1006 added during collold milltng and/or microfluldizing
for in-situ polymerization of the albumin during processing of the composition. The quantity of polymerization
initiator may range from about 0.1%0 to about 2006 based on the total weight of the compoaltion. Foliowing this
processing step the product Is stored from about 4 to about 12 hours at @ temperature that may rangs from
about 4° C to about 10° C. The Internal phase (particles) are separated from the aqusous systerft by knawn
filtering or separation means and washed with sterile saline solution. The particles then aré dtspersed In
physiological saline solution.

The pH of the preparation is adjusted, If necessary, to approximate that of whole human blood. Addition of
HC! or NaOH may be usad for this purpose. Isotonicity of the product Is adjusted, if necessary, to approximate
that of whole human blood. This may be accomplished by the addltion of apprepriate amounts of any of the
following: electrolytes present in human plasma, normal physiological saline solution, Ringer's solution, or any
other sultable composition.

Next, adjust the viscosity of the product so that it approximatss the vlscosity of whole human blood, for
example, by the addition of water to decrease the viscosity, or by adding any non-toxic, physiclogically-accept-
able hydrophillic colloid, such as albumin or pectin, to increase the viscoslity. On completion of this step the
product comprises a microemulsion that consists of microencapsulated particles containing the hemogiobin
component. It should be emphasized that this method encapsulates hemoglobin more efficiently than that of
the inventor’s previously disclosed encapsulating techniques.

At this stage of manufacture the product may be used as a red blood cell substitute (resuscliation fiuld)
provided that it is first filtered to remove all extraneous matter and all particles that exceed 1 micron In size in
any dimension.

It is preferred, however, that the filtered product be processed further using either a chemical process
based on a crosslinking agent, such as glutereldehyde, or a physical processing step such as heat. The
heating step is preferred and consists of heating the preparation for about 2 minutes at a tempsrature that may
range from about 50° C to about 70° C. The duration of the heating step may be more than 2 minutes or less
than 2 minutes depending upon the desired degee of particle(s) surface film structuring. While tamperatutes
less than 50 degrees Centigrade are feasible for this purpose, they are not preferred. A combination of
crosslinking and Heating for film hardening also can be used.

Depending upon the time and temperature used In the the heating step, the encapsulsting surface fim
produced by this step will range from geldike to rigid in character. Foliowing this stsp the resuiting
composition is filtared to remove all extraneous matter and any microencapsulated particles that excesd 1
micron In size In eny dimension. The finished product of this Invention can consist of particles with a single
degree of surface film hardness or, alternatively, can consist of particles of mixed surface film hardnessas. The
desired quantity of said particles can be added to any appropriate physiclogical fiuld. As such it will then
comprise a product suitable for intravenous administration as & red blood cell substitute {resuscitation fivid). If
desired, the microencapsulated particles may be used in much the same manner as packed red blood celis. If
desired, the product may be lyophilized or otherwise drisd using cenventional techniquss. The dried
composition may be reconstituted as needed using an eppropriate physiological fluld efther as a blood
substitute or as a perfusion fluid.

This invention provides for several alternative methods of prepering an Intravenous red blood csll substitute.
One alternative consists of the following steps: prepare polymarized alburnin by adding 1 ethyl-3-climethyl-aml-
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nopropyl-carbodiimide (EDC) to a 10% solution of monomeric albumin in an amount sufficient to produce a
concentration of 5.00/ w/v EDC in the product. Process in a collold mill and/or a microfiuidizer for about 10
minutes. Next, store the product at about 4° C for about 10 hours. Next, mix a 10% w/v solution of
pyridoxilated polymerized hemoglobin in an amount sufficient to achieve a hemoglobin concentration of about
10% by weight of the surfactant-water composition and, if desired, add about 2 millimoles of NADPH into the
product and process in a colloid mill and/or a microfluidizer for about 10 minutes; following this step, mix a
solution of polymerized lecithin into the solution in an amount sufficlent to provide a polymerized lecithin
concentration of about 8% by welght of the solution and process again in a colloid mill and/or a microfiuidizer

.for about 10 minutes. Next,.adjust the pH of the product to that of whole blood using HC! or.NaOH.as..

necessary. Following this step, adjust the isotonicity using plasma electrolytes in such concentration as will
give the product the isotonicity of whole human blood. Adjust the viscosity as the next step so that the
viscosity approximates that of whole biood. At this stage of manufacture the product may be used as a red
biood cell substitute (resuscitation fluid) provided that it is first filtered to remove all extraneous matter and all
particles that exceed 1 micron in size in any dimension. It is preferred, howaver, that the filtered product be
processed further using either a chemical process based on a non-toxic crosslinking agent, such as
gluteraldehyde, or a physical processing step, such as heat. The heating step is preferred and consists of
heating the preparation for about 2 minutes at a temperature that may range from about 50° C to about 70° C
producing a film that can range from gel-like to rigid in character. Following this step, the resulting composition
is filtered to remove-all extraneous matter and any microencapsulated particles that exceed 1 micron in size in
any dimension. The finished product of this invention can consist of particles with a minimal degree of surface
film hardness or, alternatively, it can consist of particies of mixed surface film hardnesses. The desired quantity
of said particles can be added to any appropriate physiological fiuid. As such It will then comprise a product
suitable for intravenous administration as a red blood cell substitute (resuscitation fluid). If desired, the
microencapsulated particles may be used in much the same manner as packed red blood cells. if desired, the
product may be lyophilized or otherwise dried and reconstituted with any appropriate physiological fluid.

In accordance with another important embodiment of the present invention, the coacervate-based,
hemoglobin-containing compositions of the present invention can be used as a perfusion fiuid for preventing
degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a
mammal. When used as a perfusion fluid, the hemoglo bin-containing active compound, e.g., hemoglobin,
stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be
present in the coacervate composition in an amount of 0.5% to 30% by weight of the coacervate composition,
preferably 19/ to 20% by weight of the coacervate composition. The coacervate-based perfusion fluids of the
present invention are useful with or without 2 hemoglobin component and can be used in ambient air or may be
oxygenated for additional oxygen transfer to the tissue or organs. The coacervate-based perfusion fluid is
capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days
whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10
hours. :

Another altemative coacervate-based intravenous red blood cell substitute using the methods of this
invention comprise the following steps: .

Mix 10% w/v of stroma-free hemoglobin into a solution of polymerized lecithin of about 209 concentration.
Process the product in a colloid mill and/or a microfluidizer for about 2 minutes. Mix ascorbic acid of at least
0.1 gm per 100 mi of solution and an amount equal to 10% w/v (100 units/cc. in the finished product) of
polymerized albumin into the product and process the resulting product in a colloid mill and/or a microfluidizer
for about 5 minutes. Next, store the product for about 10 hours at 4° C. Adjust the pH of the preparation after
the period of storage to about 7.4 using HCI or NaOH as necessary. Following this step, add electrolytes
present in human plasma in such amount as will give the product the isotonicity of whole human blood. Next,
adjust the viscosity of the product so that it approximates the viscoslity of whole human blood. On completion
of this step, the product comprises a microemuision that consists of microencapsulated particles containing
the hemoglobin component. At this stage of manufacture the product may be used as a red blood cell
substitute (resuscitation fluid) provided that it is first filtered to remove all extraneous matter and all particles
that exceed 1 micron in size in any dimension. It is preferred, however, that the filtered product be heated for
about 2 minutes at about 70° C. The product then is filtered to remove all extraneous matter and ail
microencapsulated particles which exceed 1 micron in any single dimension. After this step, the product may
be used as an intravenous blood substitute or stored preferably at 4° C until needed.

In accordance with another important embodiment of the present invention, the coacervate-based,
hemoglobin-containing compositions of the present invention can be used as a perfusion fluid for preventing
degeneration of an organ or tissue used for transplantation or replacement of the organ or tissue for a
mammal. When used as a perfusion fluid, the hemoglobin-containing active compound, e.g., hemoglobin,
stroma-free hemoglobin, pyridoxilated polymerized hemoglobin and/or modified hemoglobin, should be
present in the coacervate composition in an amount of 0.5% to 30% by weight of the coacervate composition,
preferably 19 to 2006 by weight of the coacervate composition. The coacervate-based perfusion fiuid is
capable of maintaining tissue and organs viable for up to at least 15 days and sometimes up to 30 days
whereas prior art perfusion fluids generally are capable of sustaining tissue viability for only about 8 to 10
hours. .

While the processes described above use hemoglobin as the active component and yield intravenous red
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blood cell substitutes, this invention, as noted previously, enables the use of any medically usaful composition
as the active compaonent to prepare compositions that can be administered via parenterad, omal, transdermal,
transmucosal and inhalation routes.

Also, while the size of the particles of the injectable. or parenteral red blood celf substitute should &e 1
micron or less in size in any diameter, thers are other embodiments of this invention in which the particie 628
comprising the composition can be more than 1 micron and further, in spacific Instances of this invention
desirable compositions will bs comprised of a combination(s) of particles with differing sizas; I.s., a given
percentage of the particles will be 1 micron or iess in size and the remalning percentags of particles will be 2

-..,.microns of, more. Percentages and particle sizes will vary depending upon the specific formulation and the -

specific drug or combination of drugs used in the formulation. -

In the preferrad embodiment of an orally administered composition of this invention, the following process Is
used.

Mors specifically, warm a mixture of 7.5 gms of monoglyceride and 7.5 gms of diglyceride at from 85-76° C
until a clear solution of the mixturs is produced. :

Unequal proportions of thess glycerides may be used, but are not preferred. Equal or unequel proportions
of mono-, di- and triglycerides also may he used. Howsver, this_mixture is aiso not prefarred. Whan the
warming step Is completed the pharmaceutical component is mixed into the solution. The protiuct of this step
is subjected to a spray drying step while the product is gradually cooled. The preduct resulting frem this step
will be & powder comprising particles contalning the pharmacsutical component. . . ]

The next step Is designed to coat the particles with & coacervate film. The procadura is as follows. Make g
suspension of the powder referred to abova in 100 mis of water contalning 10 gms of poly marized albumin and
10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an eppropriate alcghol
dropwise, n-butyl alcohol is preferred, untll a coacervate forms and coats the particlas with a coacervate fiim,
stirring during the addition of alcohol and afterward to Insure that coacervate encapsuiation of the perticlss
continues for from 1/2 to 3 hours. The product then Is stored for from 12 to 24 hours at sbout 4° C. The
composition can be further microfiuldized after encapsulation to further reduce the perticls size, regardiess of
the number of films applisd over the particles. .

Following the storage step, the particles are saparated from lts liquid vehicle by filtration or other known
appropriate methods and dried using any of the conventional drying techniques. This method yields a finished
oral madically useful product comprised of a coacervate sncapsulated pharmaceutically-active component.

If desired, the product referred to above can be processed further to produce a systained release
composition. This may be accomplished by any of several methods including epplication of heat, use of a
cross-linking agent, such as gluteraldehyde, or covering the encapsulated produgt with one or mors additional
layers of coacervate film. The additional layer(s) of coacervate film is preferred. The additional layers can
contain the same or different physioclogically-active compound in a concentration of about 0.5% to about 500
based on the weight of the film, or may contain no additional physiologically-active component.

The procedure is as foliows. Make a suspensian of the powder referred to above in 100 mis of water
containing 10 gms of polymerized albumin and 10 gms of monomeric lecithin. Stir the composition for about 2
minutes. Add n-butyl alcohol dropwise until a coacervate forms and coats the particles with a coacervate film,
stirring during the addition of alcohol and afterward to insure that coacervate-encapsulation of the particies
continues for from 1/2 to 3 hours. The product is then stored for from 12 to 24 hours at ebout 4° C.

Foliowing the storage step, the particles are separated from their liquid vehicle by filtration, sleve or other
known appropriate methods and washed and dried foliowing any of the conventional drying techniques.
Repeating this procedure will add an additional coacervate layer (film) contalning no additional
physiologically-active compound to the compasition. The additional layers (films) can Include one or more
pharmaceutically-active component together with the coacervate-based encapsulating film if added to the
coacervate composition, or may contain no additional physiologically-active component, s desired. This
process may be repeated as often as required to produce one or more additional leyars {films) with
corresponding sustained releass effects andfor eontaining any comhination of active camponanta. The
particular active ingredient(s) and quantities of the active ingredlent(s) within each layer can be varled to msst
dosage requirements. '

If desirad, the structure of the surface of any of the layers referred to ebove oan be hardensd by applying
heat to the product at a temperature and duration that wil not adversely effect the acthvity of the pharmacsutic
component. Any non toxic denaturing or polymerizing agent can be used in place of heat. f the hesating step is
incorporated in the described method, the release of the active componsnt will be extended over & greater
time period. It should be noted that in preparing the sustained release products of thig Invention, any single
procedure or combination of procedures may be used provided that such procedure doss not campremige
the activity of the pharmaceutical component. ’ '

The particle size of the oral form of the composition of this invention can ba any size suftable for tha optimat
delivery of the incorporated pharmaceutical component(s). The herein deseribed aral formulation can be used
in any of the known dosage forms such as tablets, capsules, syrups, caplets, powders, gnd the U, .

An alternative formulation for an orally administerad medical composition usas the follawing method. by this
method, any non polar volatile, organic solvent may be used. in thia instance casben {atrschiaride le the
solvent. However, It must be emphasized that In the use of such aolvents, el traces of this campanent muet ba
removed in one of the manufacturing steps hefora proceeding to produce tha firished product, The process is
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as follows: mix 10 gms of lecithin in 10cc of carbon tetrachloride; this will result in a clear solution. Add the
pharmaceutical component into the soiution (e.g., 5 gms of erythromycin) and mix thoroughly. Using any
appropriate method, i.e., spray drying, distillation or the like, process the product to remove the carbon
tetrachloride. Spray drying is preferred. This process will yield powder-like particles comprised of lecithin and
the pharmaceutical component encased In the lecithin matrix.

The next step is designed to coat the particles with a coacervate film. The procedure is as follows. Make a
suspension of the powder referred to above in 100 mis of water containing 10 gms of polymerized albumin and
10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an appropriate alcohol
dropwise, n-butyl alcohol is preferred until a coacervate forms and coats the particles with a coacervate film,
stirring during the addition of alcohol and afterward to insure that coacervate encapsulation of the particles
continues for from 1/2 to 3 hours. If desired, the same or a different pharmacologically-active component can
be added to the albumin-lecithin solution for incorporation into each additional film layer. The product then is
stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from Its liquid vehicle by filtration or other
appropriate means and dried using any conventional method. This ylelds a finished oral product of the
pharmaceutically-active component coated with a coacervate-based film. The product can be used to prepare
capsules or reconstituted with an appropriate liquid(s), e.g., syrup, to produce a product with the desired
clinical dose.

If desired, the product referred to above can be processed further to produce a sustained release
composition. This may be accomplished by any of several methods including application of heat, use of a
cross-linking agent such as gluteraldehyds, or covering the encapsulated product with one or more additional
layers of coacervate film. The additional layer of film is preferred, and any of the additional layers can be
hardened for sustained release. It is preferred that the final layer not be hardened for prompt release of any
active component contained therein.

The procedure is as follows. Make a suspension of the powder referred to above in 100 mis of water
containing 10 gms of polymerized albumin and 10 gms of monomeric lecithin with or without 0.5% to 50% wiv
of any physiologically-active compound. Stir the composition for about 2 minutes. Add n-butyl alcohol
dropwise until a coacervate forms and coats the particles with a coacervate film, stirring during the addition of
alcohol and afterward to insure that coacervate-encapsulation of the particles continues for from 1/2to 3
hours. The product is then stored for from 12 to 24 hours at about 4° C. Longer contact of the particies with the
coacervate, while stirring, provides thicker fiims for control of film thickness and control of the amount of the
active compound, if any, contained therein.

Following the storage step, the particles are separated from the liquid vehicle by filtration, sieve or other
known appropriate methods and dried using any of the conventional drying techniques. This procedure will
add a coacervate fayer {film) to the composition; said layer (film) comprising the pharmaceutically-active
component, if any, and the coacervate-based encapsulating film. This process may be repeated as often as
required to produce one or more additional layers (films) with corresponding sustained release effects. The
quantities of the active ingredient(s) within each layer can be varied to meet dosage requirements.

If desired, the structure of the surface of any of the layers referred to above can be hardened by applying
heat to the product at a temperature and duration that will not adversely effect the activity of the pharmaceutic
component. Any non toxic denaturing or polymerizing agent can be used in place of heat. If the heating step Is
incorporated in the described method, the release of the active component will be extended over a greater
time period. It should be noted that in preparing the sustained release products of this invention, any single
procedure or combination of procedures may be used provided that such procedure does not compromise
the activity of the pharmaceutical component.

The particle size of the orai form of this alternative can be any size suitable for the optimal delivery of the
incorporated pharmaceutical component(s). The herein described oral formulation can be used in any of the
known dosage forms such as tablets, capsules, syrups, caplets, powders, and the like.

it is preferred that both the matrix containing the physiologically-active compenent(s) and the film that
encapsulates it be coacervate derived or based. However, If desired, the matrix and/or film may be comprised
of a non-coacervate composition. For example, the film may be comprised of such materials as glycerides,
carnuba wax or sugar, and the like. If a sugar coating is to encapsulate the matrix, the particles comprised
principally of matrix containing the active compound are dispersed in thick sugar syrup and the composition is
mixed rigorously for from 30 seconds to 5 minutes or more depending on the desired film thickness. Following
this step, the particles are separated from the vehicle by filtering if a consistent size particle is desired or
centrifuged or by any other acceptable conventional process. If a non-coacervate based matrix is desired, the
following method is used (See method for inhalation composition.) The film in such case will be coacervate
based. : )

As noted previously, this invention provides for modifications of the basic formulation. Such modifications
produce medically useful compositions which can be used either transdermally or transmucosally. These
formulations involve processing the preferred oral composition to produce a gel.

When applied transmucoselly, (i.e., intranasally or rectally), the gel composition of this invention adsorbs
onto the mucous or rectal membranes and is absorbed therein through the mucosal tissue to the blood
stream. The active component is released from the gel and is absorbed by the membranes, passing into the
blood stream by way of the capillaries. The gel composition can be prepared in forms that provide for
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immediate release, sustalned release or any combination thereof. The quantity of drug Incofporated can be
varied according to medical requirements. Only those active comiponents which are Intrinsically irritating to the
nasal or rectal membranes are not deslirable for Incorporation Iin the gel.

Preparation of the gel can be accomplished, as an example, by mixing additional atbumin, or pactiit ot
combinations thereof into the oral formulations. Accordingly, hydrocoliolds, particulafly bloadhesive
hydrocolloids, such as albumin and pectin, are added after the oral formulation has been complated to
formulate the gel.

The gel composition can incorporate non polar drugs. These may be further subclassified as drugs or other
physiologically-active compound(s) which are heat sensitive:-and. ‘drugs’ of other physlologically-active
compound(s) which are hsat stable. Thus, erythromycin Is an example of a heat stable compasition; Insulih is
regarded as a heat sensitive composition. In the process of this invention, heat stable drug preparations ban
be *fixed", .e., the encapsulating film can be hardéned or structured In the manner descfibed. On ths other
hand, heat sensitive drug preparations can ba structured by the application of physical techiniqiiss &tich as
radiation or physicochemical means, such as n-butyl alcohol which form. e coacervats and theh an
encapsulating film of the composition. .

The process to prepare the gel is based on any of the oral preparations described above. It Is prefafred
however, to use the above-described example method incorporating the mono and di ¢iycerile componants.
More specifically, warm a mixture of 7.5 gms of mehoglyceride and 7.5 gms of diglycefide until a clear solution
of the mixture Is produced.

Unequal proportions of these glycerides may be used, but ara not preferred. Equal ofr uhequal proportions
of mono-, di- and triglycerldes also may be used. Howsver, this mixturs Is also not preferred. When the
warming step Is completed the pharmaceutical component Is mixed Into the golution. THe solution theri Is
subjected to a spray drying step while the product is gradually coolad. The product resulting ftom this step will
be a powder comprising particles contalning the pharmaceutical component. '

The next step is designed to coat the particles with a coacervate film. The procedure is as follows. Make a
suspension of the powder referred to above In 100 mis of water contalning 10 gms of polymerized albuniin and
10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an apptopriate alcghol
dropwise, n-buty! alcohol Is preferred, untll a coacarvate forms and céats the pearticles with a coacervate film,
stirring during the addltion of alcoho! and afterward to Insure that coacarvate encapsulation of the particles
continuss for from 1/2 to 3 hours. The product Is then stored for from 12 to 24 hours at about 4° C.

Following this step, the composition Is processad through centrifugation, sleving or other appropriate
separatory techniques to separate the coacervate drug particles from its vehicle and to retain particles having
a gel-like surface. Following this step, a bloadhesive hydrocollold, such as albumin or pectin ot any apptopriate
combination thereot, is mixed Into the comipositioh. The quantity of albumin that may bé uaed ranges from
about 29% w/v to about 20% w/v; the range of pectin that may be used also ranges from about 20k w/v to
about 200 w/v. 109% w/v of pectin Is preferred. The pH of the preparetion Is adjusted to about 7.4 by the
addition of HCI or NaOH, as required. : .

In the case of heat unstable drugs, and the like, the process dsscribed abave is modified. Following the
coating step the composition Is stored at room tempsrature for about 24 to 72 hours. After this period, the
composition may be used or the composition may be heated at from 40 to 50° C untll the perticles assume &
soft gel-like character. It is preferred that following the coating steps the preparation can be processed by the
dropwise addition of a suitable protein denaturing agent, such as ethyl alcohol, n-butyl aleohol, Isopropyl
alcohol, and the like, until the structure of the Interfaces of the particles range from soft gel-like to semi-solid.
N-buty! alcohol Is prefarred. :

If desired, a sustained release effect for this cormposition is achieved by subjecting portions of the product
to heat, a cross-linking agent or radiation or combinations thereof. Heat is preferred. The following procedure
is provided as an example. 2000 of the compaosttion I8 not heat treated. 200 Is haatsd at 70° C for 40 seconds;
209 s heated at 65° C for 60 seconds and the remalning 200/ is heated at 60° C for S0 seoofids. The point to

be made is that the exact combination of heat and time depends upon the specific drug being used'and the

desired schedule of drug release.

Microparticles comprising the transmucosal products can range from less than 1 micron to 8 microns or
more In size. Particles less than 1 micron In slize are preferred. The quantity of drug or other attive agent to be
incorporated into the composition is determined by medical considerations and cah range from 1/2 of tha
convention oral or intravenous dose to four times the conventional dose.

After the composition is produced, e.g., normal or sustained release or combinations- of normal and
sustained release, the composition is placed In any dosage form sultabls for nasal or rectal administration.

The process used to produce the transmucosal gel Is used to produce the transdermal gel exoept that the
adjustment of the pH is not required. In this embodiment, the drug or combination of drugs is sequestered or
otherwise incorporated in & coacervate-based composition comprised of microencapsulated partioles which
range from semi-liquid to gel-ilke in structure. The composition(s) may be applied directly to fie ekin In such
forms as ointments or gels and incorporated in a cellulose based patch or a sultable container. In thé prefeired
mode, the composition is placed in a container and used In conjunction with an appropiiate sonifier. By thls
technology an unexpacted degres of drug absorption by the skin Is achlaved. Moreover, the trarisdermal gal
and sonifier permits any scheduled administration or emergency administration as required. '

While trahsdermal methods of drug administration are known, the Iiterature does not reveal a teshnique In
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which a coacervate-based microencapsulated composition Is used in conjunction with a sonifier. In this
embodiment of the invention, use of a sonifier produces a local cavitational effect in the skin and in underlying
tissue fluids, the net effect of which is to make the skin more permeable to the drug(s) being administered and
to make the drug more available to the underlying tissues, including the capillaries and microcirculation. The
cavitational effect is induced when sonification is applied and is ended when sonification is terminated. The .
application of the sonifier permits intermittent increases in skin permeability to administered drugs as
required.

In the preferred practice of this invention, the finished product, e.g., the coacervate-based gel containing

the ‘medication required for either single or multiple doses, is placed in a suitable, leak proof container.. -

approximately the size of a wrist watch. The bottom of the container should be made of a semi-porous or
microporous support layer, e.g., a cellulose layer. The sides and top of the container should be made of plastic
or other suitable non toxic material. The top of the container should have an opening large enough to contain
the head of a hand held sonifier such as NOVOPHON (manufacturer: Elredge Resources). Any suitable
sonifier presently used for physical therapy can be used in accordance with this embodiment of the present
Invention. The container should be constructed such that a thin layer of either aluminum foil or plastic or other
composition suitable to transmit the sonifier effects to the medication and the skin is placed betwsen the
medication and the sonifier head. The medication Is administered transdermally, as required by placing the
head of the sonifier in the container and activating the sonifier for the time necessary to administer the
prescribed dose of medication.

Presently available transdermal patchas-are characterized by a continuous straight line release of the drug.
This has been shown to be problematic with drugs such as nitroglycerin. in addition, such release Is
inconsistent with the body’s normal release of hormones, enzymes and the like. Thus, by way of illustration, the
body normally secretes very small quantities of insulin throughout the day. Upon ingestion of food, however, a
surge of insulin is released. This invention permits a virtual duplication of such release phenomena not only for
endogenous compositions but for medically useful exogenous compounds as well. in addition, this invention
enables transdermal administration of medication according to any medically prescribed schedule.

This Invention differs importantly from Zeffarone (U.S. patent No. 4,557,723) in that in his techniques a rate
controlling membrane is used and is limited to drugs which show natural diffusive flux. No such features and
limitations are present in this embodiment of the present invention. Ariura (U.S. patent No. 4,474,570) uses
iontophoresis as the driving force. However, the Ariura device produces an unacceptable degree of heat in its
operation. The present invention does not generate unacceptable heat; its driving force not only differs but its
effect upon the skin differs from that of iontophoresis. The U.S. patent of Sibalis (4,557,723) describes an
electrophoretic technology but also identifies the problems with known transdermal delivery devices. The
Sibalis technology is fundamentally unrelated to the transdermal-sonifier embodiment of the present invention.
Sibalis relies upon battery supplied electrical current which battery must be changed according to different
flow requirements. Sibalis simply refers to a medicament. In the Ecanow patent, medications are encapsulated
in coacervate-based films. The herein described use of localized sound waves as opposed to electrical current
is an unobvious modification in that in the herein disclosed use, sound waves produce an. effect on the skin
and tissue fluids of the site that renders the site more permeable to drugs within the coacervate compositions.
Sibalis and others who have described transdermal inventions do not disclose such properties.

Embodiments of the disclosed transdermal composition may be comprised of a matrix of hydrated
hydrophilic colloids of which coacervate compositions comprise one class of such colloids. Gels constitute
another class. Other compositions that could be used to provide the substrate for the medicament in this
invention include any gelled silicon media, petrolatum and the like. In this invention, a gel based upon any
acceptable coacervate formulation is preferred. Any of the described formulations which eventuate as oral or
parenteral products of this disclosure can constitute the basis for preparing the transdermal product.
Medications that can be incorporated in the ge! for transdermal administration include enzymes, biologicals,
drugs and other useful medicaments. In short, any medically useful motecule capable of penetrating the skin
may be used in this invention. Use of the sonifier in conjunction with this composition acts in an unexpected
manner to Increase the rate of transdermal passage.

The method to produce a coacervate-based inhalant composition, as another embodiment of the present
invention for administration of any suitable medication is as follows:

A method to prepare an inhalant medication is as follows:

Heat a mixture of about 7.5 gms of monoglyceride and about 7.5 gms of diglyceride at a temperature of from
70 to 75° C until a clear solution of the mixture is produced. Mix the desired amount of the pharmaceutical
component into the solution. Next, process the product by means of a spray drying step to produce a powder
form of the product. Next, make a suspension of the powder in 100 mis of water containing 10 gms of
polymerized albumin and 10 gms of monomeric lecithin. Stir the composition for about two minutes. Add an
appropriate alcohol dropwise, n-butyl! alcohol is preferred. During the addition of alcohol the product should be
stirred gently until a coacervate forms and coats the particles with a coacervate film, to insure that coacervate
encapsulation of the particles continues for from 1/2 to 3 hours. After this step, adjust the pH to about 7.4 and
if desired, and store for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from the liquid vehicle by filtration or other
appropriate means. The particles are process ed using a colloid mill and/or a microfividizer and sieving or
other filtering procedures to produce particles which are 1 micron or less in size. After this step, the quantity of
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appropriate means and dried using any conventional method. This. yields a finished oral product of a
coacervate coated pharmaceutically-active compon ent, coated with the coacervate-based film. The product
can be used to prepare capsules or reconstituted with an appropriate liquid(s), e.g., syrup, to produce a
product with the desired clinical dose.

EXAMPLE 8
The procedure of Example 8 is followed, but in addition, the encapsulated microparticles are subjected to a
lyophilizing process before prepared as capsules, tablets, or liquid preparations.

EXAMPLE 10

The process of Example 9 is followed except the product is divided into four portions. Portion 1 is heated at
50° C for 2 minutes; portion 2 Is heated at 60° C for 2 minutes; portion 3 is heated at 65° C for 2 minutes;
portion 4 is heated at 70° C for 1-1/2 minutes. After the heating step, the products are combined thereby
forming a sustained release composition.

EXAMPLE 11

The process of Example S is followed except that the finished. product of Example 9 is processed further by
adding an additional coacervate (film) coat to the product as per the process of Example 9. The resulting
composition comprises a sustained release composition with two release rates.

EXAMPLE 12

The process of Example 11 is followed except that 20% of the finished product is processed to raceive an
additional coacervate (film) coat, two additional coats (films) are applied to 30%0 of the product, and 50%b of
the product comprises the original finished product of Example 11. The products are mixed together thereby
comprising a composition with sustained release characteristics, i.e., three release rates.

EXAMPLE 13
The procedure of Example 8 is followed except that regular insulin is used in place of erythromycin and ina
quantity that will yield a finished oral composition containing 40 units of Insulin per dose.

EXAMPLE 14
The procedure of Example 13 is followed except that regular insulin incorporated in liposomes is used in as
the active component.

EXAMPLE 15

The procedure of Example 8 is followed, except that urokinase in an amount that will give unit dose of 50,000
U is used in place of erythromycin and the encapsulated microparticies are subjected to a lyophilizing process
to produce a powder which can be placed in capsules for oral use or used to reconstitute a liguid dosage form
by using an appropriate liquid.

EXAMPLE 16
The procedure of Example 8 is followed except that 15 gms of erythromycin encapsulated in l[iposomes is
used..

EXAMPLE 17
. The procedure of Example 8 is followed except that fidocaine is used in place of erythromycin and in a
quantity that will yield a finished composition containing 1% lidocaine/5 m! per unit dose.

EXAMPLE 18
The procedure of Example 8 Is followed except that 500 mgs of flourourocil encapsulated in liposomes is
used as the active component.

EXAMPLE 19
The procedure of Example 11 is followed except that following the application of the additional coacervate
coating to the product the composition then is heated at 70° C for 60 seconds.

EXAMPLE 20
The procedure of Example 8 is followed except that erythromycm is replaced with urokinase in an amount
that will yield 50,000 IU of urokinase per unit dose.

EXAMPLE 21

The procedure of Example 20 is followed except that the urokinase component Is encapsulated in
liposomes.
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EXAMPLE 22

This process consists of the following steps: prepars polymerized albumin by atding 1 gthyl-3-dimethyl-
aminopropyl-carbodiimide to a 10% sblution of monomeric albumin Ih an amouht sufficisfit to produgs a
concentration of 8.0% w/v EDC in the produbt. Process Ih a collold mill and/or & misrafluldizer tor abiout 2
minutes. Next, store the product at about 4° C for about 10 hours. Mix Into thé produst a solutieh of
stroma-fres hemoglobin to a concentration of about 100/ by weight of the composition and about 2 millimoles
of NADPH into the produot ahd protess in & eolleld milll and/or a microfiuldizer for about & minutes; followlhg
this step, mix into the solution polymerized lecithin in an amount sufficlent to provids the solution with a
concentration of polymerized lecithin of about 8% by weight Irto' the product, and procéss &gsin in a coliold
mill and/or a microfluldizer for about 3 to & minutes. Next, adjust the pH ef the produat ta that of whole blact
using HCI or NaOH as necessary. Following this step, adjust the Isotonlcity usirig plasma elattrolytes in such
concentration as will give the product the Isotanicity of whole human blood. Adjust the viscosity as thé hext
step so that the viscosity approximetes that of whole blood. At this stage of manufacturs the produst may be
used as a fed blood cell substitute (resussitetion fluid) provided that it is fitst filterad to refnove all extransous
matter and all particles that exceed 1 micron In &l2e in any dimension. It Is preferred, howevar, that the filtered.
product be processed further using elther a chemical process based on & non-toxic crosstinking agent, suth
as gluteraldehyde, or a physical processing step, such as heat. The heating step Ie prefarréd and conslsts of
heating the preparation for about 2 minutes &t & teimperature that may range frém about 50° & to about 70° G
producing a film that cah range from gel-like to rigld in character. Following this stép, the resulting ommposition
Is filterad to remove all extraneous matter and any microstcapsulated particles that excesd 1 tieron in sizs In
any dimehsioh. The finished product of this Invénition tan conslst of particles of 1 micron of less I stee with &
minimal degree of surface film hardness or, alternatively, it can consist of particles of miked sutfece film
hardnasses. The desired quantity of the particles can be addad to any appropriate physiologigal fluld. As such,
it will then comprise a product suitable for intreivenous administration as a red biood cell substitute
(resuscitation fluld). If desired, the microencépsulated particles may be used In much the same marinsr as
packed red blood cells. If desired, the product may be lyophilized or otherwise dried and reconstituted as &
resuscitation fluid with any appropriate physiological fiuid.

EXAMPLE 23

The procedure of Example 22 is followed except that polymerized lecithin Is used in place of monomearic
leclthin.

EXAMPLE 24

The procadure of Example 22 is followed except that stroma-free hemoglobin ihcorporated In liposomes is
used in place of stroma-free hemoglobin.

EXAMPLE 25 ,

The procedure of Example 22 is followed but In addition, the encapsulated microparticies afe subjected to a
lyophilizing process to produce a powder forin of the composition that can be mixed into an appropriate
physiological fiuid to produce a red blood cell substitute.

EXAMPLE 26
The procedure of Example 22 Is followed except that 10% w/v of modified hemoglobin is used in place of
stroma-free hemogiobin.

EXAMPLE 27 S
The procedure of Example 22 is followed except that the heating step consists of heating the composition at
50° C for 2 minutes. :

EXAMPLE 28

The procedure of Example 8 is followed, except that erythromycin is replaced with heparin I ar amount that
will give 1000 USP units/ml in the finished product; the composition is subjected to a lyphilizing phocess to
produce & powder form of the composition which can be prepared as tablets or capsules or reconstituted
using any appropriate pharmaceutical fluid thareby comprising a useful oral medisatioh.

EXAMPLE 29

The procedurs of Example 1 is followed except that (1) 5 gms of erythromycin raplaces the hemaoglobin and
(2} the steps involving glutathione and the addition of 1-sthyl-3 dimethyl aminepropyi<carbodiifiids are
omitted. The step to adjust the pH of the compositien to approximatsly 7.4 Is made after the storage period.
After the heating and filtering steps, the microparticles are dispersed in any appropriate physlalogical fiuld. The
product then is ready for parenteral administration or stored, preferably under refrigeration, uritll rieeded.

EXAMPLE 30

The procedure of Example 29 is followed except that urekinase is used i place of erythromicin in a quantity
that will yleld & finished composition containing 50,000 IU of urckinase per uhit dose.
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EXAMPLE 31
The procedure of Example 29 is followed except that 500 mgs of flourouracil is substituted for erythromycin
and the sizes of the microparticles of the finished product range from less than 1 micron to 4 microns.

EXAMPLE 32

The procedure of Example 1 is followed except that 100 w/v of erythropoietin is used in place of
hemoglobin, and the steps involving the use of glutathione and 1 ethyl-3-dimethyl aminopropyl carbodiimide
are omitted. The finished product comprises a useful intravenous composition of erythropoietin. The product.
can be lyophilized to produce a powder form of the composition and stored under refrigeration or
reconstituted with an appropriate physiological fluid for intravenous administration.

EXAMPLE 33

The procedure of Example 22 is followed except that 1009/ w/v of modified hemoglobin is used in place of

stroma-free hemoglobin.

EXAMPLE 34

The procedure of Example 31 is followed except that the flourouracil is encapsulated in microparticles of 2
to 4 microns in size. This product is combined with the erythromycin product of Example 29; the mixture
comprising an intravenous composition composed of two active components with differing particle sizes,
eryrhtomycin 1 micron or less; flourouracil 2-4 microns.

EXAMPLE 35
The procedure of Example 22 is followed, except that the stroma-free hemoglobin encapsulated in
liposomes is used as the starting hemoglobin component.

EXAMPLE 38

The procedure of Example 22 is followed but, in addition, the encapsulated microparticles are subjected to a
lyophilizing process to produce a powder form of the composition that can be stored at 4° C or reconstituted
with an appropriate physiologic fluid to produce a red blood cell substitute (intravenous).

EXAMPLE 37
The procedure of Example 31 is followed except that the erythromycin and flourourocil incorporated in
liposomes are used as the active components.

EXAMPLE 38

The procedure of Example 22 is followed except that 275 mgs of erythromycin is used in place of the
hemoglobin component and the steps involving the use of NADPH and 1 ethyl-3-dimethyl-aminopropyl’
carbodiimide are omitted. The step in which the pH is adjusted to approximately 7.4. is made after the storage
period. After the heating and filtering steps, the microparticles are dispersed in any appropriate physiological
fluid. The product is then ready for intravenous administration or it may be stored, preferably at 4° C.

EXAMPLE 38
The procedure of Example 38 is followed except that leuprolide in a quantlty that will yield leuprolide mg/0.2
ml in the finished product is. substituted for erythromycin.

EXAMPLE 40

The procedure of Example 39 is followed, except that urokinase in that quantity as will give 50,000 IU activity
per dose in the finished product is used in place of leuprolide and the product is lyophilized. The product can
be reconstituted with an appropriate physiological fiuid for intravenous use.

EXAMPLE 41
The procedure of Example 40 is followed except that 60,000 IU of urokinase incorporated in liposomes, is
used as the active component.

EXAMPLE 42

The procedure of Example 40 is followed except that 500 mgs of flourouracil replaces urokinase and is
processed so that the particle size of the particles ranges from 2-4 microns and the product of Example 38 is
mixed with the product of this Example. This comprises an Example of a combination of two compositions,
each with a different particle size.

EXAMPLE 43

Mix to a concentration of 10% w/v stroma-free hemoglobin into a solution of polymerized lecithin of about
200/0 concentration. Process the product in a colloid mill and/or a microfluidizer for about 2-3 minutes. Mix
ascorbic acid of at least 0.1 gm per 100 m! of solution and an amount equal to 10% w/v (100 units/cc. in the
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finished product) of polymerized albumin into the product and process the resulting product in a colloid mill
and/or a microfluidizer for about 5-7 minutes. Next, store the product for about 10 hours at4° C. Adjust the pH
of the preparation after the period of storage to about 7.4 using HCl or NaOH as necassary. Following this step,
add electrolytes present in human plasma In such amount as will give the product the isotonicity of whole
human blood. Next, adjust the viscosity of the product so that it approximates the viscosity of whale human
blood. On completion of this step, the product comprises a microemulsion that consists of microencapsulated
particlas containing the hemoglobin component. At this stage of manufacture the product may be usad as a
red blood cell substitute (resuscitation fiuid) provided that It Is first filtared to remove all extraneous matter and
all particles that exceed 1 micron in size in any dimension. it is preferred, howaver, that the filtered product be

~heated for about 2 minutes at about 70° C:‘The product then Is filtered to remove all extraneous matter and all
microencapsulated particles which excesd 1 micron in any single dimension. After this step, the product may
be used as an intravenous blood substitute or stored, preferably at 4° C, until neaded. .

EXAMPLE 44

The procedure of Example 43 Is followed except that stroma-free hemoglobin incarporated in liposomes is
used in place of stroma-free hemoglobin.

EXAMPLE 45

The procedure of Example 43 is followed but in addition, the encapsulated microparticles are subjected to a
lyophilizing process to produce a powder form of the composition that can be mixed into an appropriate
physiological fluid to produce a red blood cell substitute. I '

EXAMPLE 46 = _
The procedure of Example 43 is followed except that 10% w/v of modified hemoglobin is used in place of
strome-free hemoglobin.

EXAMPLE 47
The procedure of Example 43 is followed except that the heating step consists of heating the composition at
50° C for about 2 minutes.

EXAMPLE 48 .

The procedure of Example 43 is followed axcept that (1) 275 mgs of erythromycin replaces the hemoglobin
component. The step in which tha pH is adjusted to approximately 7.4. is made after the storage period. After
the heating and filtering steps, the resulting microparticles are dispersed in any appropriate physiological fluid.
The product then is ready for intravenous administration or storage at 4° C.

EXAMPLE 49
The procedure of Example 43 is followed, but in addition, the composition is lyophilized to produce a powder
form of the product which can be reconstituted with any appropriate physiological fluid.

EXAMPLE 50
The procedure of Example 48 is followed, except that 500 mgs of flourouracil Is used in place of
erythromycin and the sizes of the microparticles are In the range of 2 to 4 microns.

EXAMPLE 51

The procedure of Example 50 is followed except that the flourouracil is encapsulated in liposomes before
being encapsulated within the coacervate composition. ’ '

EXAMPLE 52

The procedure of Example 48 Is followed except that leuprolide in a quantity that will yield leuprolide mg/0.2
ml in the finished product is substituted for erythromycin.

EXAMPLE 53
The procedure of Exampla 8 is followed except that 200 mgs. of ibuprofan s used in place of erythromycin.

EXAMPLE 54

The procedure of Example 43 is followed except that 10% w/v of erythropoletin is used In place of
hemoglobin and the step involving the use of ascorbic acid is omitted. The finished product comprises g useful
intravenous composition of erythropoietin.

EXAMPLE 55

The product of Example 48 is mixed with the product of Example 50 to produce a combination of two
compositions with differing particle sizes.
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EXAMPLE 56
The procedure of Example 48 is followed except that leuprolide is used in place of erythromy cin, and In an
amount that will give 4 mgs/0.2 m! of leuprolide in the finished product.

EXAMPLE 57
The procedure of Example 48 is followed except that erythromycin is replaced with urokinase in an amount
that will give 50,000 IU per dose in the finished product.

EXAMPLE 58 T . e .
The procedure of Example 56 is followed, except that the leuprolide component is encapsulated In
liposomes.

EXAMPLE 58

The procedure of Example 8 is followed except that after the addition of n-butyl alcohol and the stirring step,

about 10% w/v of pectin is mixed into the product now comprised of the microparticles separated from the
vehicle. After the step in which pectin is added, the pH of the composition is also adjusted using either HCI or
NaOH as required to about 7.4. The product comprises a composition that can be administered
transmucosally and/or transdermally.

EXAMPLE 60
The process of Example 59 is followed except that 5% nitroglycerin is used to replace erythromycin and 5%
w/v of albumin is used in place of pectin. The finished product comprises a transmucosal medication.

EXAMPLE 61
The process of Example 59 is followed except that 5 mg/mi of lidocaine replaces the nitroglycerin.

EXAMPLE 62

The procedure of Example 59 is followed except that a heating step of about 50° C for 40 seconds replaces
the step using n-butyl alcohol. Following heating, the product is processed to separate the microparticles from
the vehicle. About 10%% w/v pectin is mixed into the resulting microparticle com position. During the step in
which the pectin is added, the pH of the product is adjusted to about 7.4 using either HCI or NaOH as required.

EXAMPLE 63 ]
The procedure of Example 59 is followed except that 5% nitroglycerin is used in place of erythromycin;
storage of the composition at room temperature for about 24 hours replaces the heating step.

EXAMPLE 64 .
The procedure of Example 59 is followed except that 5% w/v albumin replaces pectin and 10% nitroglycerin
is used.

EXAMPLE 65
The process of Example 59 is followed except that 5% nitroglycerin is used to replace erythromycin and 5%
w/v of albumin is used in place of pectin. The finished product comprises a transmucosal medication.

EXAMPLE 66
The process of Example 65 is followed except that 5 mg/ml of lidocaine replaces the nitroglycerin.

EXAMPLE 67
The process of Example 66 is used except that 100 units of regular insulin is used instead of lidocaine.

EXAMPLE 68
The process of Example 59 is followed except that 0.1% ascorbic acid is added at the same time pectin is
added.

EXAMPLE 89
The process of Example 62 is used except that 100 units of insulin is used instead of erythromycin.

EXAMPLE 70
The process of Example 62 is used except that 0.2% ascorbic acid is added when pectin is added.

EXAMPLE 71
The procedure of Example 62 is followed except that 40 units of insulin is used in place of erythromycin;
storage of the composition at room temperature for about 24 hours replaces the heating step.
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EXAMPLE 72

Mix about 10 gms of lecithin Into about 10 cs of carbon tetrachloride. Add 5 gms of erythromycin to the
solution. Spray dry the product until ali traces of cérbon tetréchloride are removed. This resulting product will
be comprised of powdar-like particles cortiprisad of erythrommycin and covéred by a film of lacithln. Next, maks
a suspension of the powder in 100 rils of water oontainlfig 10 gms of polymarized afbumin and 10 gms of
monoméric lecithin. Stir the compositién for about two miriutes. Add an appropriste alcohal dropwiss, n-buty!
alcohol is preferred. During the addition of aléohel the product should bie stirred gently tintll a coacetvate
forms and coats the particlés with a coacervate film. Stirring continues for from 1/2 to 3 hours to insure
coacervate encapsulation of the particles. After this step, adjust the pH to.about 7.4 and If desired, stere. for
from 12 to 24 hours at about 4° C. e ' '

Following the storage step, the particles aré separated fromi the liquid vehicle by flitrationt or other
appropriate medrs and dried using any conventional method. This ylelds a finished oral product comnprised of
coaceravite coatad etythromycin. The product can bé used to prepare tablets, cepsules or reconstituted with
an appropridte liquid(s), s.g., syrup, to produte & product with the desired cilhical dose.

EXAMPLE 73

Mix about 10 gms of lecithin into about 10 ct of carbort tetrachioride. Add 3 grng of erythromyein into the
solution. Distill the product until all tracés of the carbon tetrachioride are removed and the product, comprisad
of lacithin and erythromiyein, is in the f6rm of a viséous rasidus. Mix about 50 mis of & 109 ashution of alburnin
into the product. Add 180 mis of distilled water atd centrifuge the composition for about 10 mihutes at about
2500 rpiti. The particlas now séparated from their vehicls are collacted, They somprise an eral etythromyein
coated by a toacervaté film. ‘

EXAMPLE 74

The method of Example 73 is followed except that ttie steps that Begin with the addiion of the &lbl{mln

comporent are repeated.

EXAMPLE 75

The ptocess of Example 72 is followed excapt that the product of Example 72 Is eonverted to a sustained
reledse pteparation using the followlrig method. Meke & suspensiot of the powder refervad to above in 100 mis
of water containing 10 gms of polymerized alburnin and 10 grns 6f monomeric lscithin. Stir the composition for

about two minutes. Add n-butyl alcohol dropwise until a coacervate forms and ¢otits the particles with a-

coacervate film, stirring continués for from 1/2 16 3 hours during the addition of aleohol and afterward to Insurs
coacervate encapsulation of the particles. The preduct is than stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are saparated from the liquid vehicle by filttation and dried. The

resulting composition comprises a sustained releasé madication useful for oral adminlistration.

EXAMPLE 76

The process of Example 74 is followed éxcept that the product of Example 74 Is convetled to a suatained
release preparation using the following method. Make a suspenslon of the powder referred to abova In 100 mis
of water contalning 10 gms of polymerized albumin and 10 gms of monomeric lacithin. Stir the compesition for
about two minutes. Add n-buty! alcohol dropwise untti a coacervate forms and costs the particles with a
coacervate film, stirring continues for from 1/2 to 3 hours during the addition of alcoho! and afterward to Insure
coacervate encapsulation of the particles. The product is then stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles ara separated from itg liquid vehicle by filtration ahd dried. The
resulting éomposition comprises a sustalihed telease medication useful for oral administration.

EXAMPLE 77 . : .

-Mix about 6 gms of fecithin in about 200 mis &f water; add about 24 mls of an appropriate alcoho! such as
n-butyl alcohol dropwise t6 the mixture. N&xt mix & solution comprised of about 3 gihs of NaCl and about 80
mis of watér into the leclthin-alcohol composition and allow to stand untll a two phase coaservate Is praduced.
Separéte the two phases and add 200 &acetylcysteine 1o the coacervate phass. Mix thoroughly. The pH Is
adjusted to about 8.0 aftér which the composition containirig the medication may be atministered by hebukzer
which sprays a mist of the particles having a particle slze of 1 micron or less.

EXAMPLE 78
The process of Exampls 77 Is followed except that § gins of lecithin is added to the coaoervate phase in
place of acetylcysteine and the pH is adjusted to about 7.4 using HC! or HaOH &s required.

EXAMPLE 79 A
_ The process of 77 is followed except that ths leclthin-coacervate phase, per se, is atijustsd to 2 pH of abbut
7.4 and used as an inhalant médication.
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EXAMPLE 80

Heat a mixture of about 7.5 gms of monoglyceride and about 7.5 gms of diglyceride at a temperature of from
70 to 75° C until a clear solution of the mixture is produced. Mix 15 gms of erythromycin into the glyceride
solution thoroughly. Next, process the product by means of a spray drying step to produce a powder form of
the product. Next, Make a suspension of the powder in 100 mis of water containing 10 gms of polymerized
albumin and 10 gms of monomeric lecithin. Stir the composition for about two minutes. Add n-buty! alcohol
dropwise until a coacervate forms and coats the particles with a coacervate film, stirring for from 1/2 to 3 hours
during the addition of alcohol and afterward to insure coacervate encapsulatlon of the particles. The product is
then stored for from 12 to 24 hours at about 4° C.

Following the storage step, the particles are separated from the liquid vehicle by filtration or other -

appropriate means. The particles are processed using a colloid mill and/or a microfluidizer and sieving
procedures to produce particles which are 1 micron or less in size. After this step, the quantity of particles
necessary to produce the required dose Is mixed Into any appropriate fluld including the liquid vehicle referred
to above. The product comprises an inhalant medication and is administered by nebulizer or other mist
spraying apparatus.

EXAMPLE 81
The method of Example 77 is followed except that 15 gms of erythromycin is used in place of acetylcysteine
and the pH adjustment is made to about 7.4.

EXAMPLE 82

The procedure of Example 1 is followed except that (1) 275 mgs of erythromycin is dispersed in oleic acid of
about 10% w/v as the first step of the process and the step using the reducing agent is omitted.

The step to adjust the pH of the composition to approximately 7.4. is made after the storage period. After the
heating and filtering steps, the microparticles are dispersed in any appropriate physioclogical fluid. The product
is then ready for oral administration or stored, preferably under refrigeration, until needed. The composition
may be administered orally, if desired.

EXAMPLE 83

The procedure of Example 82 is followed except that the object of the heating step in this method is to
produce microparticles which are gel-like in character. The composition is heated at about 60° C for about 45
seconds. The resulting composition then is centrifuged to separate the particles from the vehicle of the
product; following this step, about 10% w/v of pectin and about 0.1% of ascorbic acid are mixed into the
product now comprised of the microparticles separated from the vehicle. During the steps in which pectin and
ascorbic acid are added, the pH of the composition is also adjusted using either HCI or NaOH as required to
about 7.4. The product comprises a nasally or rectally administered medically useful composition. The addition
of ascorbic acid can be omitted.

EXAMPLE 84
The procedure of Example 83 is followed except that in place of the heating step, the product is stored at
room temperature for about 24 hours and 5% nitroglycerin is used in place of erythromycin.

EXAMPLE 85
The procedure of Example 84 is followed. The finished product however is applied to the skin. The drug is
released from the composition and enters the circulation through the skin.

EXAMPLE 86
The procedure of Example 84 is followed except that 4000 mcg of vitamin B-12 is used in place of
erythromyein.

EXAMPLE 87
The procedure of Example 84 is followed except that 4 mgs/0.2 m! of leuprolide is used in place of
erythromycin.

EXAMPLE 88
The procedure of Example 87 is followed except that the composition is administered rectally either in the
form of an ointment or a suppository.

EXAMPLE 88
The procedure of Example 86is followed except that the composition is applied to the skin, thereby
comprising a transdermal preparation.

EXAMPLE 90 °

The procedure of Example 82 is followed with the following exceptions: The heating step consists of heating
the composition for about 45 seconds at about 50° C and the adjustment of the pH takes place at a different
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point in the manufacturing process. Foliowing the heating step, the microparticles are sepgrated from the
vehicle and about 10% pectin and about 0.1% ascorbic acld are mixed intq the compositign comprised of the
microparticles. During this step, the pH of the product Is adjusted tp about 7.4 using HCI ar NaOH as requirgd.
The finished product comprises a nasally or rectally administered medigally useful compoaition.

EXAMPLE 91
The pracedure of Example 80 is followed except that 5 mg/mi of lidocalne Is used in place gf erythromysin.

EXAMPLE 92 . . o . o
The procedure of Example 91 Is followed except that the composition is applled to the skin, thereby
comprising a transdermal preparation.

EXAMPLE 93
The process of Example 83 is followed except that 10 mgs/m! of ephredrine is used in place of erythromygin.

EXAMPLE 94 o

The procedure of Example 93 is followed except that the preparation is applied tg the skin thergby
comprising a transdermal preparation.

In accordance with another important embodiment of the method ussd to prepare both aral and parentsral
compositions, the drug-containing coacervate composltions are prepared by (a) dissalving 8 phagphelipld in
water and adding thereto an alcohol in an amaunt which will cause the phospholipid-water-glgshal preparation
to separate into three immiscible layers wherein the lowest layer is colloig-peor, the middie layer Is eolioid-rich,
and the.upper layer is alcohol; (b) separating the middle phass, the nonpolar, colloldrich phasg, from the
other two phases; and (c) adding a watsr-insoluble drug to 8 colloid-rich phase in such quentity as will prodyce
a solution containing the drug component in the dasired dosage for oral, issue lining absomtive or parenigral
administration. The colloid-poor lower phase may be used to solubilize water-soluble compaiinds. Eithar the
colloid-rich or collold-poor phases or a combination of beth phases may be used to encase the physislogically
active compounds. Additionally, the drug dslivery compositions of the present invention can be prepared n
the form of microencapsulated sustained releasa formulations (emulsions) of orafly, tissus linlng ahsorptive, or
parenterally administrable drugs. The microencapsulated particles range in size from {egs then abut 160
nanometers tc about 3 microns or larger. In the practice of the time-release embodimant of the present
invention, the final composition or product may be composed of particles of the same or different sizes, with
differing time-relsase characteristics. . . ’

In accordance with the preferred method of this embodiment of the present invention, an alcohoi, such'as
isopropyi alcohol, is added dropwise to a 4%/ w/v agueous solution of ons or more surface astive agents, such
as albumin, until a two-phase liquid aqueous system is produced. The two phases are separated. The upper
phase Is referred to as the collold-rich phase; the lowsr phase known as the collold-poor phasg is discarded or
stored for later use to prepare additional quantities of the coacervate composition. A 498/0 w/v quantity of dry
lecithin powder is dissolved in the cofioid-rich phase cresating an albumin-lecithin based coljoid-rich phase. The
oral or parenteral drug to be used is disselysd in the colloid-rich phase as described with reference to the
three-phase embodiment of manufacture. The finished composition of this embodiment of the pressnt
invention can be prepared either as an emulsion or as a suspension. .

A critical distinction betwssn the coacervate-hased blood substitute compositions identifisd in prior
patents and the compositions of this embodimant of the present invention s in the addition of an approprigte
alcohol to a composition to form a two-phase coacervate compesition with alcohol on top s an upper third
layer or phase. The middle coacervate phase then is separated out and a phospholipld, such as lacithin, is
added thereto. A second coacervate composition results therefrom and Is used to formulate the goaceryvate
compositions of this embodiment for new ang unagxpected stability. As an option, the middie coacevate phgse
can be used without the addition of the phogpholipid.

In accordance with the principles of the present invention, any appropriats non-toxic coacervate
composition can be used in the manufacture of the drug delivery compositions of the present invention. The
coacervate-enveloped compositions of the present invention incorporate nop-toxic gndegenous or
exogenous surface-active agents, derivatives thereof and/or combinations of surface-gotive aganis or
derivatives.

To achieve the full advantage of the alcohol embodiment of the present invention, the coacervate
compositions include a phospholipid, such as lecithin; 8 protein with surface-active propsrties, such as
albumin; an alcohol such as n-butyi alcohol and water.

Any drug, particularly drugs administerad parenterally or absorbed through the tissue lining, drugs which
are prepared and administered at an excessive pH, parenteral drugs that require pH adjustment imynadiately
prior to injection and any sait of a parent drug compound which has been asutralized by reans of he proper
acid-base reaction to yield the parent compound may be used as the drug component in the arglly, issue
lining absorbed, or parenterally administrable coacervate based fim-enveloped compositions of the present
invention.

It should bs noted that while the compositions of the present inventien stabliize and sQlubilize orgl, tiseie
lining absorbed and parsnieral dnigs as described, some dissolution &f the drug also oocws In gocordence
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with the principles of the present invention.

Either the colloid-rich phase of the two-phase liquid aqueous coacervate composition, the colloid-poor
phase, or & combination of the colloid-rich and the colloid-poor phases of the compositions may be used to
produce the outer coacervate based film enveloping the physiologically active compounds as orally, tissue
lining absorptive, or parenterally administrable compositions of the present invention. To achieve the full
advantage of the present invention, the physiologically active compound(s) are incorporated into the
colloid-rich phase of the composition. The colloid-poor phase can be used to incorporate and deliver
formulations of water-soluble, polar and semi-polar drugs. Administration of the formulations of this invention
may be oral; absorbed through the, tissue fining of the mouth, nasal passages, or rectum; intravenous;
intramuscular or subcutaneous, as desired. o

Drug compositions commonly understood to be water-insoluble, as defined in the U.S. Pharmocopia, now
can be solubilized in an aqueous media by use of the present drug delivery compositions. Further, the
compositions of the present invention provide a basis for improving the manufacture and efficacy of literally
hundreds of orally, tissue absorptive, and parenterally administered drugs.

A preferred two-phase liquid aqueous coacervate composition in accordance with the alcohol embodiment
of the present Invention Is prepared using the following steps. To 100 mis of sterile, pyrogen-free water are
added 1-6% w/v of lecithin, derived from egg or other acceptable sources. The mixture is mixed or shaken
vigorously until the iecithin is thoroughly dissolved. 6 to 12 mis or more of any acceptable alcohol, particularly a
lower alcohol having 1 to about & carbon atoms, such as ethyl alcohol, n-butyl alcohol, and the like then is

__added to the iecithin solution, and the solution then is shaken vigorously for from 10 to 30 seconds and set

aside, undisturbed, for from less than 1 to more than 4 hours. Within this period of time, the solution will
separate into three phases or layers. If at the end of two hours the phases have not separated out, additional
alcohol may be added dropwise untll the separation of phases occurs. If desired, the period of undisturbed
storage may extend to 24 hours or longer. Longer periods of storage typically result in greater yields of the
coacervate phase. At the close of the storage period, it will be observed that three layers have formed. The
uppermost layer comprised of n-buty! alcoho! is separated from the other phases such as by dscanting or
through a separating funnel, and set aside since it is now extraneous to the coacervate system. The middle
layer comprises approximately 50 mis. of a colloid-rich coacervate phase and the bottom layer comprises
approximately 50 mis of a colloid-poor (equilibrium water) phase. The proportions of the bottom and middle
phases may vary from 0.5% to 99.5%0, based on the volume of both layers.

After separation of the phases is completed, from 1 to 2 grams of a surface active protein such as human
serum albumin, is dissolved in the colloid-rich coacervate phase of the solution to form a second coacervate
system or composition. The preparation is then stored, preferably under refrigeration at 4-10° C, until visual
inspection indicates that the preparation has separated into two phases. The upper layer comprises the
colloid-rich phase of the second coacervate composition; the bottom layer comprises the colloid-poor phase
of the second coacervate composition. The two phases can be separated, such as by decanting, and a desired
dosage of a drug or other physiologically active compound is dissolved In either the colloid-rich phase and/or
the colloid-poor phase to provide an injectable, orally, or tissue absorptive administrable composition. If
desired, the quantity of drug combined into the coacervate composition may be more or less than a standard
dose to provide a modified clinical dose. Additionally, if desired, urea in an amount that may range of 19 to
40% w/v may be added to the coacervate phase, prior to the addition of the drug component to make the
coacervate phase less non-polar.

In accordance with another important embodiment of the present invention, a monoglyceride, diglyceride
and/or a triglyceride is included in the coacervate composition as a liquid vehicle for dispersing or solubilizing
one or more physiologically active compounds therein. The vehicle containing the physiologically active

‘compound dissolved or dispersed therein then is enveloped in one or more exterior layers of a coacervate

based film in order to provide new and unexpected stability to the orally, tissue absorptive or parenterally
administrable compositions. As used herein, the term “triglycerides" refers to short chain, medium chain, long
chain, and hydrogenated triglycerides. In this invention monoglycerides and diglycerides may be used as an
option. Combinations of mono, di, and triglycerides also may be used. Medium chain triglycerides are
preferred. In an optional process, physiologically acceptable halogenated compounds, particularly
halogenated hydrocarbons may be substituted for the glyceride component of the compositions of the
present invention. The preferred halogenated chemicals are the perfluorohydrocarbons, such as
perfluorodecalin. Suitable other perfluorochemicals include perfluorotributylamine, perfluoro-N.N dimethylcy-
clohexylmethylamine, perfluorotripropylamine and perfluorotrimethylbicycio(3.3.1)nonane. Other suitable
halogenated hydrocarbons include halothane (2-bromo-2-chioro-1,1,1-trifluoroethane) and methoxyflu-
rane(2,2-dichloro-1,1-difluoroethyimethylester).

All components may be prepared, combined and/or mixed under sterile conditions. The water used in
manufacturing the coacervate system should be sterile and pyrogen-free for intravenous preparation.

in accordance with this embodiment, the pharmaceutical component or combinations thereof are dissolved
in a glyceride, preferably a medium chain triglyceride, preferably 30% w/v, containing a pharmaceutical
component solubilizing agent, such as a hydrogenated oil, oleic acid, or linoleic acid preferably 10% wiv,
based on the weight of the triglyceride to substantially increase stability. The triglyceride may be 190 to 80%
w/v of the composition and may be a monoglyceride or a diglyceride or mixtures of one or more mono, di, or
triglycerides. The solubilizing agent may be added to the glyceride in an amount of about 0% to about 500%0 by
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weight of the glyceride, for example, 10%% hydtogenated vegetable oil or olelc acld; whéheVer needed for
complete solubilization of physidlogically active componerits. Theé glyceride componsiit may bé composed of
short chain (up to C9), Miedium chain (C9 to £18), long chaiti (above C18) arid/or hydrogehatad triglycerides ot

combinations theréof depehdiig upori the composition to be prepsred. Methiti chai (C4 to G18) .

triglycerides are preferréd. The quantity of ths phgtrhatautical componeir(s) miked into the tgiyestide idy
rangé from 0.1% t6 150 in excess of conventionial clinical doses. The Individual dosé of thé pharmaceutical
component(s) of the finished composition Is ddjusted a8 neceésdry to fMeet clinical réquir§merits.

The preferred niethod of thé triglyceride embodiriént of the present Invention also provides for ptéparation
of sustained release forfhs of the mictoemulsions describad dbove. This process Involves the following stefis:
(1} Mix thé desifed quantity of the pharmaceutic component(s) Into a solttion contalning thet quéritity of a
medium chein ttiglyceride contining 10% hydrogenated oll as will comprisa 309 w/v Ifi the fifishisd produst;
the w/v concentration of the triglyceride component may vary from 1%o to 80% w/v; 309 w/v 15 preforred; the
quantity of the pharmaceutic compohént(s) used cén range from 0.01%% to 159 In e%cess of established
clinical doses; in thé firlished product, tHe individual dose I$ adjusted to clinical requiremeénts. (2) Preparé a
second solution comprising 5% w/v of albufiin; itiix the saime pharmacetitlc comipongnt(s) uséd In step 1 Ifito
the albutnin solution ih an amount that tay range from 25% less than the established clinical dos# to 159 Iri
excess of the established clinical dose; 3% w/v of lecithin then is mixed Into the product of $top'1; this mixture
is repeatedly passed through an apprdpriaté colléid mill to product a ricroemulston, tHé paf'tié;les ot dropfets
of which &ire ohé fiticton or [8ss Ini size; It Is preferrad that heat, in & range from 30° € to6 70° ©, bs appﬂed
during the mictoéttiulstying step; in an altgrnative procsture, the heatifiy step ritay be deferrad until the
microemulsion hus bseh formed, as describsd. ,

Specific exaniples of the alcoho! and glyteride embodiments of the prasent lwenticn ars provided I the
following axamples 127-160. '

EXAMPLE 95

To 100 mis of sterile, pyrogen-free water is added 4% w/v of egg lacithin. The milxture Ig stifréd vigotously
until the I6cithin is thoroughly dissolvéd. 10 to 12 mis of h-butyl aicohol then are added to the [eokthin solutin,
which Is thien shaken vigorously for from 1 to 2 holts. At the close of thé storage petod, It 15 obsarved that
three Iayérs or phases have formed. The middie laysr comprising the coliotd-rich phasé Is separated frofri the
other phasés by means of a separatory funnél. 1 to 3 greims of human serum dlburhin then Is dissoived In this
colloid-rich phase. The solution then is stored at from 4 to 10° C untll visual lrispettion Itidicetes that this
solution has separated into two phasas anid that ho Increase In the volume of sald phases Is otourttiig. Ths two
phases then are separated by mearis of a s8paratory funnél. That quanitity of diazepam 1§ added to tHe
colloid-rich phase as will result In a final conceritration of 5 mg of dlazépam per miflifiter of coacervata solution.
After this step, the colloid-poor {lower) phase is riiixed into the colisld-rich phase. The resulting mixture theri Is
emulsifiéd t6 produce a microefnulsion. The pH of the milcroemulsion then Is adjusted, if fiacassary, to 7.37.4
by the dropwise addition of dilute hydrochloric acld or sodium hydroxide. The prepdration theh can be stofed
in suitabla containers for use ordlly of by injection.

EXAMPLE 96

The procedure of Example 95 is followed except that prior to storage or administration, the composition is
heated to produce a sustalned (time-relaase) preparation. The preéparation describedin Example 1 is heated &t
70° C for 60 seconds. The resulting microencepsulated dropléets are separated frori the emulsion, washed
thoroughly with stefile water, then dried thorougfily and dispersed Ih arty appropriate vehiclé for parenteta ot
oral use, for example, to ptovide a composltioh contalhing 5 mg of diazepam per miitiliter of solutioh. On
completion of this step, the composition may be administered orally, by injectlon or stéred Iri surtable
containers until needed.

EXAMPLE 97
The procedure of Example 95 is followed except that 10 mis. of & cofrimercial proparation of diazeparti 1§
used in place of diazepam (parent compound).

EXAMPLE 98
The procedure of Example 96 is foliowed except that 5 mgs of diazepam is used in placé of the commsrtial
parenteral preparation of diazepam.

EXAMPLE 93

The proceduré of Exarnple 95 is followed except that 50 mgs of a cortithertial preparation of phénytoin is
used instead of diazepam.

EXAMPLE 100

The procedure of Example 95 is used except that 50 mgs of a commerclal parenteral prepdration of
phenytoin is used in place of diazepam.
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EXAMPLE 101

The procedure of Example 95 is followed except that 50 mgs of phenytoin, as the parent compound, is used.

EXAMPLE 102

The procedure of Example 96 is followed except that 50 mgs of phenytoin, as the parent compound, is used

in place of diazepam.

EXAMPLE 103

The procedure of Example 95 is followed except that 7 mis of diazepam are used. .

EXAMPLE 104

The procedure of Example 85 is followed except that 100 mgs of a commercial intramuscular parenteral

preparation of tetracycline HCl is used in place of diazepam.

EXAMPLE 105
The procedure of Example 96 is followed except that 100 mgs of a commercial Intramuscular preparation of
tetracycline HC! is used in place of diazepam.

EXAMPLE 106
The procedure of Example 35 is followed except that 100 mgs of a crystalline tetracycline is used in place of
diazepam,

EXAMPLE 107
The procedure of Example 106 is followed except that 250 mgs of a commercial intravenous preparation of
tetracycline HCI (neutralized) reconsti tuted as per the manufacturer’s directions is used instead of diazepam.

EXAMPLE 108

The procedure of Example 95 is followed except that preparation of the composition is completed when the

diazepam is dissolved in the coloid-rich phase of the coacervate system. The preparation is then ready for oral
or parenteral administration or storage.

EXAMPLE 109

The procedure of Example 95 is followed except that preparation of the composition is completed when the
phenytoin is dissolved in the colloid-rich phase in place of diazepam. The preparation then may be orally or
parenterally administered or stored as required.

EXAMPLE 110

The procedure of Example 95 is followed except that tetracycline is dissolved in the colloid-rich coacervate

phase in place of diazepam. The preparation is then ready for oral or parenteral administration or storage.

EXAMPLE 111

The procedure of Example 95 is used to the point where the colloid-rich phase is separated from the
colloid-poor phase. Instead of using the colloid-rich phase to dissolve the drug component, the colloid-poor
phase is used to incorporate the drug component. Thus, 5 mis of commercial trimethoprinsulfamethazole
infusion is thoroughly mixed into 125 mls of the colloid-poor phase. The preparation then is ready for infusion.

EXAMPLE 112

The procedure of Exampie 111 is followed except that after the drug is mixed into the colloid-poor phase,
125 mis of the colloid-rich phase is added and the preparation emulsified. The composition then may be
infused.

EXAMPLE 113

The procedure of Example 95 is followed except that glucagon, in any quantity ranging from 0.5 mg to 1.0
mag, is substituted for the diazepam. If desired, from 25 mgs to 150 mgs of lactase is added to the preparation
following the addition of glucagon.

EXAMPLE 114
The procedure of Example 96 is followed except that 0.5 mg of glucagon is substituted for the diazepam.
EXAMPLE 115

The procedure of Example 95 is followed except that Methyldopate HCl is used instead of diazepam and 1%
w/v of urea is added prior to the Incorporation of the drug component.
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EXAMPLE 116

Melt the solid tarm of 15% w/v of long chain triglycerides and 15% w/v mediym chain triglycerides. Add 250
mg of erythromycin to the melted product and add 5 mi of an aqueous solutian containing 5% glhymin and 3%
lecithin to this mixture to provide about 850 mg. of arythramycin in the calloid-rich phasa. Mix the rasuliing
product and permit the compasition to slowly caol g roam temparature. If the praduct is to be used
intravenously, adjust the pH and isotonicity as described previously. If the finished product is to be
administared orally, adjustment of the pH and isotanicity is optional. Process the product thraygh a calloid mill.
This will preduce g miorosuspended composition having salid microparticles comprised of the pharmaaeutic
component(s) encapsylated by a triglycerida/coacervate film, White the intravenous product should consiat of
particles ane micron 'ar lgss in size, oral compositions may have a mixture of particls sizes ranging from &
nenometer to 10-15 microns.

EXAMPLE 117

The procedure of Example 116 is followad excapt that 1000 units/ml per unit dose af heparin Is used in place
of erythromycin. '

EXAMPLE 118
Example 85 is followed except 10 mi of Faotar VIl Is substituted for diazepam.

EXAMPLE 118 .
Example 95 is followed except 30 mi of Factar 1% complex s substituted far diazepam.

EXAMPLE 120
Example 93 is followed except 250 mg of atrial peptide 3 Is substituted for diazepam.

EXAMPLE 121
14% by weight of hemoglobin is encapsulated in a liposome product and then the lipasoma is placad in the
coacervate phase of Example 95. The remaining procedure is the same as Example 95.

EXAMPLE 122
The pracedure of Example 95 is followed except that nutritiona! quantities af L clonine, L argiuing, L aspartic
acid, L glutamine, glysine, L histidine, L praline, L serving, and L tryasine alsa are added.

EXAMPLE 123

The pracedure of Example 95 is followed except that the diazepam component is first enveloped in a
liposome. The resulting product then is mixed into the coacervate phase and processed in the mannar
described in Example 127.

EXAMPLE 124
The procedure of Example 123 is fallowed except that 6 mg of heme is used in place of diazgpam.

EXAMPLE 125
The procedure of Example 123 is followed except that 2,500,000 L.U. of urokinase is used in place of
diazepam. .

EXAMPLE 126

The procedure of Example 123 is followed exgant that, that amountaf erythromycin as will give 280 mg of
erythramycin in the finished product Is used jn place of diazepam.

EXAMPLE 127

The procedure of Example 123 is followed except that, that amountaf insulln ag will rgsult in g finished
product containing 40 unlts of Insulin is used in place of diazepam.

EXAMPLE 128

The procedure of Example 123 is followed except that, that amount of stroma free hemaglabin as will result
in a finished product containing 14 percent by weight of stromg free hemoglobin Is uged in place of diazepam,

In accordance with another important embodiment of the present invention, compasitions capable of oral or
intravenous administration, can be prepared containing a physiologically-active component that augments the
oxygen-transport capability of the body, to treat varioyg anemias, and act as an oxygen-carrying plagma
volume axpander. Initially, three aqueous solutions are prepared: an aquequs solutian including at least ahout
0.1%, e.g. .1 tq 50 w/v of a first non-taxic surfactant, such as albumin; optionally an agusous aclution
including at least about 0.104, e.g. .1 to 5% w/v of a sacond surfactant, such as lecithin; gnd & sqyequs
solution containing an exygen-carrying molscule contalning iron, such aa heme, p hemopratgin endfar 8
heme-hemaprotein complex. It is preferred that the hemapratein of the heme-hamaprotsin complex he
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stroma-free hemoglobin.

In accordance with stilt another important embodiment of the present invention, it has been found that the
instability of the physiologlcally-active iron-containing molecule capable of carrying and releasing oxygen
{heme and/or the hemoproteins and/or the heme-hemoprotein compiex) can be minimized or substantially
completely eliminated by treating a solution (preferably aqueous) containing the iron-containing molecule,
prior to coacervation, with a chemical complexing agent capable of forming a stable iron complex, such as
carbon monoxide or an inorganic cyanide, particularly cyanide salts or cyanide complexes, such as sodium
cyanide or hydrogen cyanide, and thereafter treating the complexed solution, preferably to saturation, with an
interactant, capable of interaction with the iron coriplex, to release the complexing agent from the
iron-containing molecule which escapes from the solution in gaseous form. To achieve the full advantage of
the present invention, the chemical complexing agent is carbon monoxide and the interactant is oxygen or
purifled air bubbled through the solution In excess to release the carbon manoxide from the iron-containing
molecule and saturate the solution to remove the carbon monoxide from the solution. This process of
iron-complexing and then interaction to release the complexing molecule will stabilized the physiologically-ac-
tive iron-containing solution, either before or after admixture or emulsification with the other components of
the composition so long as the process is carried out prior to coacervation. To achieve full advantage of the
present invention, an antioxidant, such as ascorbic acid, is added to the final composition to prevent oxidation
of the final composition.

In general, the amount of heme and/or hemoprotein, and/or heme-hemoprotein complex present in the
composition of the present invention is determined by the clinically indicated required dose for the treatment
of a particular dysfunction. If the composition is to be used to augment the oxygen-carrying capacity of the
recipient, the amount of heme, hemoprotein and/or heme-hemoprotein complex in the composition of the
present Invention is the amount necessary to restore oxygen transport to normal levels within the time frame
of the treatment regimen. However, If the intended use of the composition of the present invention is to treat
anemic states, such as those due to blood loss, the quantity of heme, hemoprotein and/or heme-hemoprotein
complex is the amount necessary to restore normal hemoglobin levels of between approximately 59 and
approximately 14% within the time frame of the treatment regimen. Likewise, if the intended use of the
composition of the present invention is to treat iron deficiency states, an exemplary amount of heme,
hemoprotein and/or heme-hemoprotein complex is that amount that introduces approximately 100-150 mg of
elemental iron per dose.

In accordance with the preferred embodiment, the aqueous albumin, lecithin and heme, hemoprotein and/or
heme-hemoprotein complex solutions then are thoroughly admixed. Alternatively, the powdered forms of
albumin, lecithin, and the heme, hemoprotein and/or heme-hemoproteln complex can be admixed, then
converted into a solution by adding sufficient water such that the amount of albumin and lecithin each equals
approximately 3% w/v in the finished composition, and the heme, hemoprotein or heme-hemoprotein equals
from about 5% to about 30% w/v in the finished composition. This mixture then is subjected to a physical or
chemical precipitating agent. For example, heat, ranging from about 20° to about 70° C., is applied until the
mixture "precipitates” to produce an aqueous two-phase coacervate system. Temperatures below about 20°
C., or above about 70° C., can be utilized accord ing to the method of the present invention so long as the time
of heat treatment causes the solution to precipitate into a two-phase coacervate solution while preventing
excessive heat treatment to the extent of denaturing the composition causing loss of the coacervate.
Alternatively, rather than heating, a non-toxic alcohol, such as ethyl alcohol, or an appropriate electrolyte, such
as sodium chloride, can be added to the mixture to produce an aqueous, two-phase coacervate system. The
coacervate system then Is emulsified using conventional techniques. The isotonicity and the pH of the
emuision are adjusted to approximate the values found in the human body, approximately 0.9% saline. The pH
is adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide.
Isotonicity is adjusted through addition of an appropriate electrolyte such as sodium chloride, or water as
required.

This emulsion can be used as a composition for the oral or intravenous introduction of iron into the body.
However, the optiona! addition of a sterol, such as cholesterol, added in a sufficient amount, for example from
about 19 to about 5% w/v based on the total weight of both phases, provides the composition with a degree
of surface hardness thereby improving the composition for use as an orally or intravenously administrable
composition.

The emulsion also can be processed further, before isotonicity and pH adjustments are made, by using
conventional techniques to produce & microemulsion. The microemulsion includes the coacervate-based
microemulsified particles and the heme, and/or hemoprotein and/or the heme-hemoprotein complex, each in
a form that is compatible with the recticuloendothelial system and microcirculation systems of the human body
and is a size that can be absorbed by the intestines. This microemulsion composition can be administered
orally or intravenously. :

For oral administration, the microemulsion can be dispensed by any of the conventional oral dosage forms,
such as liquid microemulsion or soft capsulation, e.g. a syrup or a capsule containing a liquid. In accordance
with another important feature of the present invention, the microemulsion can be processed further using
either heat or a cross-linking agent to produce a microencapsulated composition having sustained
time-release characteristics. Generally, heat, ranging from 25° to 70° C., is preferred, and is applied over
varying time periods, such as about 2 sec. to about 150 sec., to convert the microemuision into
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microencapsulatéd particles having varying dedrias of surface-coacervats film hardnesses. The microemulsi-
fied coacervate can also be treated at temperatures about 70° C., or below 25° C., for a time sufficlent to
produce & time-release composition capable of relessing the physiologically-active compongnt, for exarple,
up to about 72 Hours, after administration of ttia comiposition. It has been fourid that longer heating thrie
increases the film hardhess, thareby affecting th tifne-relédse charactetistics of microancapstlated particies.
Therefore, particles of similar or different reléase rates can bs comblned in a single ddse and can be
administered orally or intravenously aftsr belrig placed In an appropriate vehicle or dosgagé form.

In atcordance with the presént invention, coatervate systems also can be produced by usiny a single
- surfactant, such ds albuiin alone, and a precipitating agent. The precipitating agent can be & non-tbxlc
alcohol, such as Isopropyi alcohol or n-butyl lcshol, electrolytes, heat, or a combination theraef, Simlfarty; an
alternative codcérvate system that ceh be used In the compasitions of the present Inverition, cdn be
manufdotiited by preparing & aqueous Solution of a surfactant, such as leclthin, Hrid then adding a
precipitating agent, suth as &n alcohol 6r ah electrolyte In sufficientamount for phase separgtion to to yield &
coacervate system. Subsequerit processiig steps fof these dlternative comcarvates to produce orally or
intravehously administreble microemuistfied ot microehcapsulated compositlons aré ldentical to the
processing steps described above.

Specific exarples directed to the coacervité compositions including an iron-conteffing moleéule capable
of carrylg and releasing oxygen (hame and/dr hemoptotelns and/or heme-hermoprotein complexes) are
provided In tke following éxamples 161-176.

EXAMPLE 129 .

An agueous 3% w/v solution of alburrin, an agustus 3% w/v solution of lecHthin and an aqueaous solutlon of
heme, tantaining the dose of henre desired in the end product, are thoroughly adnitxed after the heHte solutioh
was treated with sufficlent carbon riionoxide to dive off assantially all the 6xygen. The migtite then Is heated
at 50° C. for a sufficient time to producs & two-fiiisé coatervate systam. The two-phdse 6sacarvate systeim
then Is emulsified in a blender, followed by ths addition of an antioxidant, such ds ascorbic atid, snd by
adjustment of (1) isotonicity usiig sodium chloride and/or water and (2) pH usihg elther &h &cid or e béss,
such és Rydrochloric acid or sodium hiydrokide I dn dmiount sufficient to bring the Isotohicity and pH valugs of
the emuision within normal physibloglcal ranges, 8.0., 7.2 to 7.5 pH. The ernulsion théh i cohvertad, by
convéntional collold milll téchniques to a fnloraetrilision of coacervate-iased microertiulsiisd particles, hevihg
a diameter of approxirhately 1 micton of less. The coniposition contalning the microsmulsified particles,
containing encapsulated heme, theri Is ddjustéd for Isotonicity end pH as sabove, If necessary. The
microemiilsified particles can be used for éral ot Intravanous administration to ths body. This microemulstied
compositioh then is heated at 60° C. for about 2 to about 150 seconds to produce harderied,
microencepsulated particles having a range of sustalned fime-reléase characteristics. The microentapsuldted
particles then are treated with excess oxygan to rémove the carbon monoxids, ahd, optionally, stored urider
an Inert blanket of nitrogen gas. These hardaritd, microencapsulated particles, when addad to a suftable
vehicle, such ds syrup, also cari be used otslly, or ini a physiological salihe solution intravenously. These
compositions are useful to augmenit the oxygan-transport capachly of the reciplent arid to Increase circulatory
volume. )

EXAMPLE 130
The procedure of Example 129, except that a complex of heme and stroma-free hemoglobin repldaced the
heme.

EXAMPLE 131

The protedure of Example 129, excepi thet an aderus solutlon of 3% w/v of caselh replaced the agqueous
3% w/v solution of albumin.

EXAMPLE 132 _ .
The procedure of Example 129, except that an aqueous 3% w/v solution of gelatin replaced the aqueous 3%
w/v solution of albumin,

EXAMPLE 133

The procedure of Example 129, however the manufacturing process was terminated aftef pteparation of the
coacervate system microemulsion, thereby producing ah orally edmiinistrable compositiech useful In the
treatment of iron deficiency anémia, and aniemias due tG blood Ioss.

EXAMPLE 134
The procedure of Example 133, except that a heme dhd stroma-free hemoglobin compléx replaced the
heme, thereby producing a composition useful in treating anemlas duse to iron deficlency or bledd loss.

EXAMPLE 135

The ptocedure of Example 129, ekcept that the preparétion of the microencapsulated sustained
tire-rélbade formulation is othitted.
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EXAMPLE 136
The procedure of Example 128, except that the complex of heme and stroma-free hemoglobin is used, and
the manufacturing process is terminated after preparation of the microemulsion.

EXAMPLE 137
The procedure of Example 129, except that an aqueous 5% w/v solution of albumin is used instead of the
aqueous 3% w/v albumin solution.

EXAMPLE 138
The procedure of Example 129, except that an aqueous 4% w/v solution of lecithin is used instead of the
aqueous 3% w/v lecithin solution.

EXAMPLE 139

The procedure of Example 129, except that the coacervate system is produced by subjecting an aqueous
300 w/v solution of albumin to temperatures of 30-35° C. until formation of a two-phase coacervate system.

EXAMPLE 140
The procedure of Example 129, except that the coacervate system Is prepared by the dropwise addition of
ethyl alcohol to to an aqueous 3% w/v solution of lecithin until a two-phase coacervate system is produced.

EXAMPLE 141 _

The procedure of Example 129, except that an aqueous 3% w/v solution of casein is used to replace the
aqueous 3% w/v albumin solution, and a complex of heme and stroma-free hemoglobin is used to replace the
heme. .

EXAMPLE 142
The procedure of Example 129, except the heme molecule is first encapsulated in a lecithin-cased liposome
before proceeding to produce the aqueous two-phase coacervate system.

EXAMPLE 143

The procedure of Example 129, except the heme-hemoglobin complex is first encapsulated in a
lecithin-cased liposome before proceeding to produce the aqueous two-phase coacervate system.

According to the perhalogenated embodiment of the method and compasition of the present invention, a
non-toxic perhalogenated compound, such as a perfiuorinated hydrocarbon and/or a perfluorinated amine,
can be used with the aqueous coacervate system to provide the compositions of the present invention. The
perhalogenated compounds useful in the present invention include perfluorinated and perfluoriodinated
aliphatic and alicyclic hydrocarbons, perfiuorinated and perfluoriodinated aliphatic and alicyclic ethers, and/or
perfluorinated and perfiuoriodinated aliphatic and alicyclic amines. It has been found that perfluorodecalin and
perfiuoroiododecalin are especially useful in the composttions of the present invention, either used alone orin
combination with other perfluorinated compounds, such as perfluorotributylamine, perfluorotripropylamine,
perflucrotrimethylbicyclo[3.3.11Inonane and/or perfluoro-N,N-dimethylcyclohexylmethylamine.

In accordance with an important feature of the present invention, a method of producing a composition,
including a perhalogenated, and preferably a perfiuorinated, compound; a two-phase aqueous coacervate
system; and a physiologically-active compound Is disclosed. According to the method of the present
invention, the physiologically-active compound is admixed with the perhalogenated compound, and the
resulting mixture then is admixed with an aqueous surfactant solution, such as an aqueous albumin solution
and/or an aqueous lecithin solution. Subsequent processing of the complete mixture produces a coacervate
system. The resuiting coacervate-based composition then is processed further to produce a microemulsion,
having particles of 1 micron or less in diameter. Additionally, the microemulsion can be processed further
using heat, or other appropriate precipitating agents, to produce sustained time-release compositions, having
a single rate of release or a range of release rates.

The composition of the present invention can be administered orally or parenterally, preferably
intravenously. In addition, the composition of the present invention can be iyophilized using conventional
techniques to convert the ‘liquid to a powder. The powdered product then can be reconstituted using
appropriate physiological fluids. For instance, when the reconstituted composition is intended for intravenous
use, isotonicity and pH should be adjusted to normal body values before administration.

In preparing the compositions of the present invention, it is preferred that both phases of the two-phase,
aqueous coacervate system be used. However, the non-potar, colloid-rich phase can be separated from the
colloid-poor phase, then used to prepare the compasitions of the present invention. The compositions of the
present invention comprise microemulsified particles containing the aqueous coacervate and the
perhalogenated compound. A physiologically-active component can be incorporated into the perhalogenated
compound-coacervate system compositions of the present invention to yield a variety of end products that are
useful in the medical field. The microemulsified particles are manufactured to be of appropriate size, such that
the particles are compatible with the microcirculation system and the reticuloendothelial system of the human
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body and other mammals. The compositlons of the present Invention may, if desired, be processed further to
produce compositions having time-relsase characteristics, such as by microencapsulating the particles to
provide a time-release hardened coating on the composition,

To prepare the perhalogenated compositions embodiment of the present invention, two solutions are
prepared: an aqueous solution, including from about 0.01% w/v to a quantity up to about 100% w/v
dispersion, of albumin; and &n aqueous solution Ingluding from about 0.01% w/v to & quaritity up to about
100% wi/v dispersion of lacithin. In addition, a sufficlent amount of a psrhalogenated comipourid, such as
perfluorodecalin, s required to produce a composition including from about 0.19/% w/v to about 99% w/v of the

perhalogenated compound, To achieve the full advantage of the present invention, the aqueaus si;luﬂohs :

include from about 1% to about 5%, and preferably about 30/, w/v of albumin arid about 10 to about 5%, &nd
preferably about 3% w/v of lecithin. Optionally, powdered albumih and/or powdsred lecithin ¢an be mixed with
the perhalogenated compound, and this mixture then converted to an aqueous solution containing the
required emount of albumin, lecithin and perhalongenated compound. According to the methed of the present
invention, the compositions can include equal or unequal proportions of albumin solution t6 lecithin solution,
however, equal proportions of the albumin and lscithin solutions are prefetred. To achieve the full gdvantage of
the present invention, equal weight amounts of albumin and Iecithin are included in the compositions of the
present invention. )

For example, if the finished product is intended to be used as a barrier to food absorption, approximately
equal amounts of an-approximately 3% w/v aqueous solution of albumin and an approximately 300 w/v
aqueous solutlon of lecithin, and a quantity of a perhalogenated compséund, such as psrfiuorodecalifi, are
thoroughly admixed and processed in e colloid mill o yisld & mixture including from about -30% w/v to about
500/ w/v, and preferably about 40% w/v, of petfluorodecalin. The mixture then Is subjected to & physical or
chemical precipitating agent. For example, heat, ranging from about 50° to about 70° C., and préferably
ranging from about 30° to about 50° C, is applied untl the mixture "precipitates” to produce a composkition

comprising the aqueous two-phase coacervate system and the perhalogenatsd compound. Temperatures

below about 20° C., or above about 70° C., can be ufilized according to the method of the present vention so
long as the time of heat treatment causes the solution to precipitate into a two-phasa coscervate solution’
while preventing excessive heat treatment to the extent of denaturing the composition causing loss of the
coacervate. Atternatively, rather than heating, a non-toxic alcohol, such as sthyi altohal, or an appropriate
electrolyte, such as sodium chioride, can be added to the mixture to produce an squeous, two-phase
coacervate system. The mixture is subjected to the physical or chemical pracipitating dgent until visual
inspection, or inspection by microscopic tachniques known to those skilled in the art, shows that the mixture
has separated into the two-phase aqueous coacervate system. )

The coacervate system-perhalogenated compound composition then is re~emulsified using conventional
techniques. The resulting emulsion also can be processed further, by using conventional techniques, such as
a colloid mill to produce a microemulsion. The microemulsion includes the coacsrvete-based microemulstfied
particles and the perfluorinated compound, ‘each in a form that Is compatible with the recticutoendothelial
system and microcirculation systems of the human body. This microemuision composition can be
administered orally or intravenously. : .

For oral administration, the microemulsion can be dispensed by any of the conventional oral dosage forms,
such as liquid microemulsion or soft capsulation, e.g. a syrup or a capsule contalning a liquid. In accordance
with another important feature of the present invention, the microemulsion can be processed further using
either heat or a cross-linking agent to produce & microencapsulated composition having sustained
time-release characteristics. Generally, heat, ranging from 25° to 70° C., is praferred, and Is epplied over
varying time periods, such as about 2 sec. to about 150 sec., to convert the microemulsion Into
microencapsulated particles having varying degrees of surface-coacervate film hardnesses. The microsinulsi-
fled coacervate can also be treated at temperatires above 70° C., or below 25° C., for a time sufficient to
produce a time-release composition capable of releasing the physiologically-active component, for exarple,
up to gbout 72 hours, after administration of the compasition. It has been found that longer heating fme
increases the film hardness, thereby affecting the time-release characteristics of microencapstlated parficias,
Therefore, particles of similar or different release rates can be combined in a single dose énd can be
administered orally or intravenously after being placed in an appropriate vehicle or dosege form.

The composition made in accordance with the above method can be utilized in weight reduction progreens,
whereby after orally administering the food-barrisr composition, the perhalogenated compotnd In cluded in
the composition coats the intestinal walls to preciude the absorption of food. Therefore, the patient is:riot
limited in the amount of food consumed because no food is absorbed through the Intestingl walls urttl the
perhalogenated compound is expelled from the body. The dosages and frequency of treatment are clinical
determinations thet are made in regard to each Individual patient such that weight loss obfectives and
nutritional needs are balanced. :

it should be noted that other additives, such as flavorants, can be edded to the perhalogendted
compound-aqueous coacervate composition to enhance patient appeat, without detracting from the éffteacy
of the composition. According to the method of the present invention, the aqueous coacervate system allows
the oral introduction of the non-polar, non-aqueous perhalogenated compound into the patterit without the
need of additional emuisifying and suspending agents thet are normally required to solubfizé the
perfiuorinated compound, but generally detract from product aesthetics and patlent appesi.
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The aqueous coacervate system, Including the perfiuorinated compound, can also be used as a
resuscitation fluid to quickly introduce an oxygen-carrying molecule into a patient. In the manufacture of a
resuscitation fluid, the process of admixing the aqueous albumin and lecithin solutions and the
perfluorodecalin is performed as above except that prior to admixing the three liquids heme and/or
stroma-free hemoglobin, in an amount ranging from about 0.1% to about 30% w/v is added to the
perfluorodecalin. The amount of perhalogenated compound used in the resuscitation fluid is limited to from
dbut 10% w/v to about 30% w/v, and preferably to about 20% w/v, of the entire composition. At these levels,
the amount of perhalogenated compound is too low to act as a food barrier, but is sufficiently large to coat the
intestinal wall and bring the heme and/or stroma-free hemoglobin into intimate contact with the intestinal wall
for rapid absorption. The perhalogenated compound is not absorbed by the intestinal walls but serves to
facilitate transport of the oxygen-carrying heme or stroma-free hemoglobin into the circulatory system.

It is preferred that the amount of the oxygen-carrying molecule included in the resuscitation fluid
approximate the amount of hemoglobin percent In whole blood, such as from about 500 to about 14%. It
should be noted, however, that because of the inherent oxygen-carrying capabliity of the perfluorinated
compound, the amount of heme or stroma-free hemoglobin can be below the 14% wi% hemoglobin normally
found in whole blood. The heme or hemoglobin used in the present invention may be of endogenous,
exogenous, or synthetic sources.

After admixing the albumin and lecithin solutions, the perhalogenated compound, and the heme and/or
stroma-free hemoglobin, the osmotic pressure of the resulting mixture Is adjusted to the isotonicity of whole
blood by the addition of sodium chloride and/or any other suitable electrolyte or water, as required. The pHis
adjusted using an acid, such as hydrochloric acid, or an alkaline substance, such as sodium hydroxide. The
isotonicity and the pH of the emulsion are adjusted to approximate the values found in the human body,
approximately 0.8%% saline, and a pH of approximately 7.3 to 7.45.

After the pH and Isotonicity adjustments, the mixture is processed as previously described for the
food-barrier composition to produce a microemulsion having a particle size that is compatible with the
microcirculation and the reticuloendothelial system, such as 1 micron or less in diameter. The product then
can be administered intravenously as a resuscitative fiuid.

Similarly, a product useful as an oxygencarrying contrast medium, such as those used in angioscopy, can be
manufactured according to the method of the present invention. The oxygen-carrying contrast medium can be
prepared by the method described above for the manufacture of a resuscitation fluid, however, a
perfluoroiodinated compound, such as perfluoroiododecalin or iodinated perfluorodecalin, is used in place of
perfluorodecalin.

if the perfluorinated compound-coacervate system composition is to be used as a drug delivery system,
perfluorodecalin, the albumin solution and the lecithin solution are prepared as described above. Before the
solutions are admixed, however, the non-polar to semi-polar physiologically-active and/or pharmacological
compound or compounds are admixed into the perfluorodecalin In a sufficient amount to yield the desired, or
required, dose in the finished product. if the solubility of the physiologically-active and/or pharmacological
compound or compounds in the perfiuorinated compound is exceeded, the physiologically-active and/or the
pharmacological compound or compounds can be dispersed and suspended in the perfluorinated compound
to achieve the required, or desired, clinical dosage.

The physiologically-active and/or pharmacological components can include any drug, hormone, biological,
enzyme, antibiotic, peptide or other useful medical composition that is solublie in the perfluorinated compound
to a sufficient degree to obtain a clinical dose. If salts of the parent drug compounds or other water-soluble
pharmaceuticals also are included in the product, these compounds are dissolved in the aqueous albumin or
the aqueous lecithin solutions before admixing and processing to produce the coacervate system. After
admixing,-the mixture is processed in the same manner as described previously to prepare the food barrier
composition.

In those Instances where the product is to be administered intravenously, the pH and isotonicity of the
composition are adjusted, if necessary, to approximate that of whole blood. The product then is suitable for
either oral or intravenous administration, as the particle size of the microemulsion, 1 micron or less in diameter,
allows absorption through the intestinal wall and is compatible with the microcirculation system and the
reticuloendothelial system. For oral compositions, the amount of the perhalogenated compound is maintained
at between about 10% w/v to about 30% w/v, and preferably about 20% w/v of the finished drug composition
to facilitate absorption of the drug into the circulatory system. For parenterally administered compositions, the
amount of perhalogenated compound can be incorporated in amounts varying from about 0.1%% w/v to about
99% w/v of the finished drug composition, in order to maximize the solubility and stability of the
physiologically-active and/or pharmacological component.

The method of the present invention also can be utilized to incorporate a local or general anesthetic into the
coacervate system-perhalogenated compound composition. The anesthetic agent, either a gas, liquid, liquified
gas, or mixture thereof, first is dissolved in the perfluorinated compound in the amount necessary to produce
the desired anesthetic dose in the final product. As described previously, the albumin solution, lecithin
solution and perfluorinated compound are admixed, followed by heating the mixture at temperatures ranging
from approximately 20° to approximately 70° C for a sufficient time to produce a two-phase coacervate
system, as shown by visual or microscopic techniques.

The two-phase coacervate system then is processed to yield a microemulsion, having a particle size that is
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compatible with the microcirculation and the reticuloendothelial systam. The pH of the microsmulsion Is
adjusted to that of whole blopd using an acld, such as hydrochloric acid or a base such gs sodgium hydroxige.
The resulting product is suitable for intravanous and/or oral administration, allowing far more control in the
amount of anesthetic deliverad and in the depth of the anesthesla. :

Any of the oral or intravenously administered praducts can be prepared in a sustained time-release farm by
treating the composition with an organic aldehyde, such as glutaraldehyde, or heat. Tha mathod provides a
compasttion having § single or multiple raie of release. The process vialds micraamulsified particles
encapsulated by a coacervata-based film that can be of any desired degree of particla surface film hardness,
ranging from liquid to gel-like to rigid. . . S SR .

According to this method, a portion, or all, of the microemulsified composition is heated, generally in a range
of from ahout 25° to about 70° C, and praferably in the range of 30° to about 40° C over a varying time peripd,
such as 2 sec. ta about 150 sec., to canvert the microsmulsion into microencapsulated particleg having varying
dagrees of coacervate film hardness. The microemulsified coacervate can also be treated gt temparaturas
above 70° C., or below 25° G., for a time sufficlent to produce a time-releasa composition capgble af relsasing
the physiologically-active component, for example, up to about 72 hours, -after administration of the
composition. It has bean found that longer heatlng time increases the fllm hardness, thereby affecting the
time-release characteristics of microencapsulated particles. Therefore, particies of simllar or different relagse
rates can be combined In a single dose and can be administered orally or intravenously after being placad inan
appropriate vehicle or dosage form. ' N S

In accordance with the present invention, coacervate systems also can bs preduced hy usirg a single
surfactant, such as albumin alone, and a precipitating egent. The precipitating agent can be g nan-toxic
alcohol, such as isopropyf alcohol or n-butyl alcohal; electrolytes; heat; ar & combination thergof. Simiarly, an
alternative coacervate system that is useful in the compositions of the present inventiqn, can be manufactured
by preparing an aqusous solution of a surfactant, such as lecithin, and then adding a precipitating ggent, such
as an alcphol or an electrolyte, in sufficient amount for phasa separation to yleld a coacervate system.
Subsequent processing steps for these alternative coacervates to produce orally or intravenously
administrable microemulsified or microencapsulated compositions are identical to the processing steps
described above.

Specific examples of the perhalogenated composition embodiment of the present invention are provided in
the following examples 144-180. .

EXAMPBLE 144

Approximately equal volumes of an aquaous 3% w/v salution of albumin and an aqueous 3% w/v solution of
lecithin, and a sufficlent amount of perflucrodecaiin to provide 40% w/v of perfluarodecalin in the final solution
are thoroyghly admixed. The mixture then is heated at 70° C. for a sufficlent time, such as from about 3
seconds to about 2 minutes, to produce a two-phase coaparvate system. The mixture is examined
continuously by visual or microscopic techniques throughout the heating period in order to terminate the
application of heat as soon as the mixture saparates into a two-phase aqueous coacervate system. The
coacervate system, including the perflucrodecalin, then is processed in a colloid mill to produce a
microemuision. The microemulsion then can be used as an orally-administrable food absorption barrier
composition.

EXAMPLE 145

The procedure of Example 144, except that the application of heat is replaced by the dropwise additian of
ethyl alcohol until a visual inspection shows that the mixture has separated into the two-phase agqueous
coacervate system. g

EXAMPLE 146 ,

The procedure of Example 144, except that the application of heat is replaced by the addition of sodium
chloridé until a visual inspection shows that the mixture has separated into the two-phase agueous coacervate
system.

i

EXAMPLE 147
The procedure of Example 144, except that perfluorotributylamine is used in place of perfluorodecalin to
yield a food absorption barrier composition including 30% w/v or perfluorotrbutylamine.

EXAMPLE 148

The pracedure of Example 144, except that the same vaolums of an aqueous 500 w/v albumin salution is
used.

EXAMPLE 149
The pracedure of Example 144, except that the same valums of an aquequs 5% w/v lecithin solutlon is usgd.
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EXAMPLE 150 .
The procedure of Example 144, except that the mixture is heated at 40° C.

EXAMPLE 151

The procedure of Example 144, except that an aqueous solution of heme Is admixed into the
perfiuorodecalin before the albumin solution, lecithin solution and perflucrodecalin are thoroughly admixed.

The amount of 200 w/v heme solution added to the mixture is sufficient to provide a final composttion
including approximately 7% w/v of heme. The perfluorodecalin is present at approximately 200/ w/v of the final
composition. The isotonicity and pH of the mixture then are adjusted using sadium chloride and/or water, and
either an acid or a base, such as hydrochloric acld or sodium hydroxide, in an amount sufficient to bring the
isotonicity and pH values of the emulsion within normal physiological ranges, e.g., 7.2 to 7.5 pH and 0.8%
saline. The mixture then is heated at approximately 70° C until a visual inspection indicates that the mixture has
separated into the two-phase aqueous coacervate system. The coacervate system, including the heme, then is
emulisifed to produce a microemulsion having a particle size of 1 micron or less in diameter. The composition
then can be used as an intravenously administrable resuscitation fluid.

EXAMPLE 152

The procedure of Example 151, except that an aqueous solution of 200/ w/v stroma-free hemoglobin
instead of heme is admixed into the aqueous 3% w/v albumin solution to provide a mixture including 7%
stroma-free hemogilobin.

EXAMPLE 153

The procedure of Example 151, except that an aqueous solution of a heme and stroma-free hemoglobin
complex instead of heme is admixed into the aqueous 3% w/v lecithin solution to provide a mixture including
7% w/v heme and stroma-free hemoglobin complex.

EXAMPLE 154

The procedure of Example 152, except that polymerized stroma-free hemoglobin is used in place of heme.

EXAMPLE 155
The procedure of Example 152, except that pyridoxilated polymerized, stroma-free hemoglobin s used in
place of heme.

EXAMPLE 156
The procedure of Example 151, except that the composition includes 30% w/v of perfluorinated
trimethylbicyclo{3.3.1]nonane in place of the 20% perfluorodecalin.

EXAMPLE 157
The procedure of Example 151, except that the composition includes 209/ w/v of perfluorotributyiamine in
place of the 20% perfluorodecalin.

EXAMPLE 158 '
The procedure of Example 151, except that the composition includes 120/ w/v of perfiuorodecalin and 8%
w/v of perfluorotributylamine in place of the 200% perfluorodecaliin.

EXAMPLE 159 L
The procedure of Example 151, except that insulin is used in place of heme to provide a composition
including 40 units/cc of insulin.

EXAMPLE 160
The procedure of Example 151, except that the anti-coagulant, sodium heparin, is used in place of heme to
provide a composition including 1000 USP units/ml of sodium heparin. .

EXAMPLE 161

The procedure of Example 144, except (1) methotrexate, a cancer treatment drug, is added to the
perfluorodecalin before the perfluorodecalin is admixed with the aqueous leclthin and aqueous albumin
solutions, and (2) the pH of the albumin-lecithin-perfluorodecalin-methotrexate mixture is adjusted to
approximately 7.4, by adding either hydrochloric acid or sodium hydroxide, before the mixture is processed to
produce a microemulsion to provide a composition including 25 mg/mi of methotrexate.

EXAMPLE 162

The procedure of Example 161, except (1) the antibiotic, gentamycin, is used in place of methotrexate, and
{2) the pH adjustment is made after the mixture is processed to produce a microemulsion to provide a
composition including one mg/ml of gentamycin.
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EXAMPLE 183

The procedure of Example 161, except (1) the antiblotic, cefazolin, is used in place of methotrexate, and (2
the pH adjustment is made before and afier the mixture is processed to produce a microemulsion to provide a
composition including 125 mg/mi of cefazolin.

EXAMPLE 164

The procedure of Example 161, except that the antiblotic cephapirin is usad iﬁ piace of methotrexate to
provide & compasition including 250 mg/ml of cephepirin.

EXAMPLE 165 C
The procedure of Example 161, excapt that the antibiotic thiopental is used in placs of methotrexate.

EXAMPLE 166 . )
The procedure of Example 161, except (1) the anasthetic helothane is used in place of mathotrexane, and

{2} the halothane Is bubbled into the perfiuorodecalin to provide a composition including ‘200 wiv of
halothane. .

EXAMPLE 167

The procedurs of Example 161, except that the anesthetic fentanyl is used In place of methotrexats to
provide a composition including 0.05 mg/mi of fentanyl.

EXAMPLE 168

The procedure of Example 161, except that the anesthetic sufentantl Is used in place of methotrexate to
provide a composition including 50 ug/ml of sufentanil.

EXAMPLE 169

The procedure of Example 161, except that the muscle relaxant succinyicholine is used in plage of
methotrexate to provide a composition including 20 mg/ml of succinylcholine. :

EXAMPLE 170

The procedure of Example 161, except that calcitonin, used in the treatment of osteoporosis, is used In
place of methotrexate to provide e composition including 20 I.U./mi of calclionin. .

EXAMPLE 171
The procedurs of Example 161, except that the anesthetic ketamine is used in place of methotrexate to
provide a composition including 10 mg/ml of ketamine.

EXAMPLE 172
The procedure of Example 161, except that the anesthetic fluorocil is used In place of methotrexats to
provide & composition including 50 ma/ml of fiuorocil. .

EXAMPLE 173
The procedure of Example 161, except that the labor inducer oxytocin is used in place of methotrexate to
provide a composition including 10 USP units/ml of oxytocin.

EXAMPLE 174
The procedure of Example 151, except that monensin is used In place of heme.

EXAMPLE 175

The procedure of Example 161, except that monensin Is used in addition to methotrexate to provide a
composition including 25 mg/ml of mathotrexate,

EXAMPLE 176
The procedure of Example 144, except that lodine is added to the perfluorodecalin prior to the admixing the

albumin solution, lecithin solution and perfluorodecalin solution to provide a contrast medium contalning 1%
w/v of iodine. .

EXAMPLE 177 ' ’

The procedure of Example 144, except that vitamin A, vitamin D, and vitamin E are added to the
perfluorodecalin prior to admixing the perfluorodecalin, albumin solution and lecithin solution. Aftar admixing,
the mixture is heated at 70° C until the mixture separates into a two-phase coacervate gystem. The two phases
are separated, and thiamine hydrochloride, d-blotin, riboflavin, nlacinamide, pyridoxine hydrochloride,
dexpanthenol, ascorbic acid, folic acld, and Cyanocobalamin is added to the polar phase. The phases are
recombined and processed to produce a microemulsion having a particle size of 1 micron or lesa in diameter
to provide a composition Including 3300 USP units/ml of vitamin A, 200 USP units/ml vitamin D, 10 USP
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units/ml vitamin E, 3 mg/mi thiamine hydrochioride, 60 mg/ml d-biotin, 3.5 mg/m! riboflavin, 40 mg/mi
niacinamide, 4 mg/m! pyridoxine hydrochloride, 15 mg/ml dexpanthenol, 100 mg/mi ascorbic acid, 400 ug/ml
folic acid, and 5 ug/mi cyanocobalamin.

EXAMPLE 178
The procedure of Example 161, except that the anti-asthmatic aminophylin Is used in place of methotrexate
to provide a composition including 25 mg/m! of aminophyiin.

EXAMPLE 179 -

The procedure of Example 153, except that the microemulsion is divided into four equal portions. The first

portion Is left untreated, the second portion is heated at 70° C for 10 ssconds, the third portion is heated at 70°
C for 40 seconds and the fourth por tion Is heated at 70°C for 70 seconds to produce a microencapsulated
composition having sustained time release capabilities.

EXAMPLE 180

The procedure of Example 144, except that the commercial product, perfluoroiodide, is used in piace of
perfluorodecalin to provide a contrast medium including 40% w/v of perfluorolodide.

In one embodiment a method of maintaining tissue of an organ of a mammal viable, outside of the mammal’s
body comprising immersing the tissue or organ In the composition as claimed herein to maintain the viability of
the tissue or organ until said tissue or organ is attached to a mammal.

In another embodiment a method of preparing a perhalogenated composition includes mixing an aqueous
solution of water, a surface active agent, and a perhalogenated compound under conditions to form a
two-phase aqueous coacervate system and contacting the perhalogenated physiologically-active compound
with one or both of the two-phases to envelope the physiclogically-active compound, bound in particles, within
a coacervatebased aqueous film; said particles having a particle size of less than 1000 microns.

Claims

1. A method of preparing a composition useful as a system to introduce and transport medically useful
compositions in the body of mammals by oral, tissue absorptive, inhalation, or parenteral administration;
the method being characterised in that it comprises forming a core material comprising core particles of a
material having a desired particle size; forming a mixture of one or more surface active agents, water and
one or more physiologically-active compounds and emulsifying the mixture to produce a two phase
coacervate composition comprising a coacervate phase and an equilibrium water phase, the
physislogically-active compound being contained in one or both of said phases; forming the core material
particles with one or both of the coacervate phases or contacting the core material with one or both of the
coacervate phases to embed the physiologically-active compound within a coacervate-based core
material matrix or to encapsulate the core material particles within an encapsulating coacervate-based
film containing the physiologically-active compound.

2. A method as claimed in claim 1 further characterised by emulsifying and microemulsifying the core
material with an emulsifying agent and water under conditions to form coacervate particles in the matrix
useful for oral administration having a particle size less than about 10 microns, preferably less than
about {1 micron.

3. A method as claimed in either claim 1 or claim 2, characterised in that the surface active agentis a
polymerized phospholipid, preferably polymerized lecithin, cephalin, isolecithin, sphingomyelin, phos-
phalidy! serine, phosphatidic acid, phosphatidyl inositol, phosphatidyl choline, or mixtures thereof.

4. A method as claimed in any one of the preceding claims, characterised in that the coacervate mixture
includes two surface active agents, at least one of which is a polymer having a weight average molecular
weight of 300,000 or less, the two surface active agents being preferably a phospholid and a surface
active protein, for example lecithin and polymerized albumin.

5. A method as claimed in any one of the preceding claims, further characterised by drying the
composition to form a powder capable of belng reconstituted by the addition of a physiologically
acceptable liquid.

6. A method as claimed in any one of the preceding claims, characterised in that the or each surface
active agent is added in monomeric form and a polymerization initiator is added to said composition, said
polymerization initiator being capable of and present in an amount sufficient to polymerize the surface
active agent during processing of said coacervate mixture.

7. A method as claimed in any one of the preceding claims, characterised in that the core material is
formed from a coacervate-based matrix and the matrix is encapsulated with a coacervate-based film.

8. A method as claimed In any one of the preceding claims, characterised in that the
physiologically-active compound comprises insulin, an atrial peptide, or a perhalogenated compound, for
example a perfluorinated hydrocarbon, perfluorolodinated hydrocarbon, perfluorinated amine, perfluo-
roiodinated amine, perfluorinated ether, perfluoroiodinated ether, perfluorinated hydrocarbon-iodine
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complex, or mixtures thersof, prefarably perfiuorodecalin, perfluorclododecalin, perfluorotributylamine,
perfluorotripropylamine, perfiuoro-N, N-dnnethylcyclohexylmethylamlne perfluorotrimsthyl-bicy-
clo[3.3.1]nonane, iodinated perfluorodecalin or parfluoroiodide. :

9. A method as claimed in any one of the preceding claims, characterised in that the physiologically
active compound in one or both of the two coacervate phases is bound as particies in a coacervate matrix
and within a coacarvate-based aqueous film; and further including the steps of sepantirig the partictes;
and adding a hydrocolloid to the particles in an amount of 2-20% w/v based on ths weight of the
coacervate mixture to form a gel-like surface fim surrounding the physiologically active compound.

10. A method as claimed in any one of the preceding claims, characterised byaddlng an anti-oxidant to
the coacervate mixture during preparation.

11. A method as claimed in any one of the preceding claims, characterised in that it inciudes the step of
adding a physloiogically acceptable alcoho! to the coacarvate mixture to form a three layer Hguid
comprising a lower polar layer, a middie layer, and an upper non-polar layer; separating the middle layer
from the other two fayers; adding a second surface ective agent to the separated middie layer to form a
second two-phase liquid comprising a lower polar layer and en upper non-polar layer; and adding a
physiologically-active compound to one or both of sald layers formed from sald second two-phass liquid.

12. A method as claimed in claim 11, characterised in that the second two-phase liquid Is separated into
a lower polar layer and an upper hon-polar layer and a water-insoluble compound is added to the upper
non-polar layer.

13. A method &s claimed in claim 11, characterised in that the physiologlcaﬂy-acﬁve compound 5
water-soluble, and is contained within the lower polar layer of said second two-phase fiquid.

14. A method as claimed in any one of the preceding claims, characterised in that the core particles &re
encapsulated by a coacervate-based film; and in that the encapsulated particles are contacted with a
second coacervate composition to form an edditional coacervate-derived film on the particles.

15. A method as claimed in claim 14, characterised In that the second coacervate composition contains
0.1 to 50%0 by weight of an additicnal physwlogically—active compound, based on the total weight of the
second coacervate composition.

16. A composition prepared by a method as claimed in any one of the preceding claims.

17. A composition as claimed in claim 16, characterised in that the physiofogically-active compound is
contained within a liposome core material, preferably envalopad within an aqueous coacervate-based film
to prevent the liposomse from unravelliing prematurely.

18. A composition as claimed in claim 17, characterised in that the liposome containing the
physiologically-active compound is formed prior to encasing the liposome within the coacsrvate-based
film, and wherein the coacervate-based film comprises an aqueous colloid-rich phese, or an agusous
collold-poor phase, or a combination of both phases.

19. A composition as claimed in any one of claims 16 to 18, characterised in that the coacervate-based
film comprises an aqueous colloid-rich phase, or an aqueous colloid-poor phase, or a combination
thereof from the coacervate mixture.

20. A composttion as claimed in any one of claims 16 to 19, for Introduction into the bloodstream of a
mammal, characterised in that it further comprises glycerol esters sslected from the group consistingofa
menoglyceride, a diglyceride, a triglyceride, and mixtures thersof; said physiologically-active compound
being dissolved or dispersed in the giyceride.

21. A composition as claimed in claim 20, characterised in that the glycerids is a mono or digiyceride
having 4 to 24 carbon atoms, preferably 8 to 18 carbon atoms.

22. A composition as claimed In either claims 20 or 21, characterised in that it includes an effective
amount of solubilizing agent capable of increasing the solubility of the physiologically-active compound in
the glyceride, said agent being preferably a hydrogenated il or an unsaturated ofl.

23. A composition as claimed in any ohe of clalms 20 to 22, characterised in that the glyceride contains
1% by weight to 509 by weight of a hydrogeneted oil or an unsaturated oll, preferably Ih an amoum of
about 50/ by weight to about 1500 by weight of the glyceride.

24. An orally ingestible composition as clalmed in any one of claims 16 to 23.

25. A composition as claimed in claim 24 for increasing the circulatory volums or introducing lron and/or
oxygen into the circulatory system of a mammal characterlsed in that the physiologically-active
compound comprises an iron containing molecule capable of cartying and releasing oxygsn or an oxygen
solvent.

26. A composition as claimed in clalm 25, charactérised In that the iron-containing molecule cépable of
carrying and releasing oxygen is a heme, a hemoprotein, a heme-hemoprotein complex pyridoxilated
polymerized hemoglobin, polymerized hemoglobin; or a mixture theraof.

27. A composition as claimed in claim 24, for controlling the caloric intake of @ mammal charticterised in
that the composition includes a perhalogenated compound in an amount of from about 30% w/v to gbout
500/0 w/v based on the total weight of the composition. _

28. A composition as claimed in claim 24 for increasing the oxygen content In the circulatory system of a
mammal characterised in that the physiologicelly-active compound is a combinstion of a perhélogenated
compound and a compound selected from the group consisting of an Iron-contalriing molecule capabile of
carrying and releasing oxygen and an oxygen solvent; sald aqueous coacarvate system comiptising &n
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aqueous colloid-rich phase, an aqueous colloid-poor phase, or a combination thereof; wherein the
coacervate phase includes the perhalogenated compound, and either an iron-containing molecule
capable of carrying and releasing oxygen or an oxygen solvent, or a combination thereof.

29. A composition as clalmed in claim 28, characterised in that the iron-containing moleculs capable of
carrying and releasing oxygen Is selected from the group consisting of heme; a hemoprotein, a
heme-hemoprotein complex; pyridoxylated hemoglobin; pyridoxylated polymerized hemoglobin and
mixtures thereof.

30. A contrast medium for introduction into the circulatory system of a mammal comprlsing an orally
ingestible or injectible composition as claimed in any one of claims 16 to 23.

31. An anaesthetic composition as claimed in any one of claims 16 to 23, characterised in that the
composition includes an anaesthetic added to the composition during preparation.

32. An Injectible composition comprising a compaosition as claimed in any one of claims 16 to 23.

33. A method of administering a physiologically-active compound to a mammal comprising topical
application of a coacervate composition according to any one of claims 16 to 23 on the skin of a mammal;
and applying sound waves to the topically applied coacervate composition to drive the physiologically-ac-
tive compound into the skin.

34. A composition as claimed in any one of claims 16 to 23 for increasing the circulatory velume or
introducing iron and/or oxygen into the circulatory system of a mammal by establishing fluid
communication between the mammal’s circulatory system and the composition.
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